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FOREWORD

The Electronic Warfare, Reconnaissance, Surveillance and Target
Acquisition Directorate (EW/RSTAD), in consonance with their official
mission of developing new radiac equipment for the US Armmy, procured
and received for test and evaluation three (3) prototype Alpha Probes
from OGak Ridge National Laboratory (ORNL), for use with the AN/PDR-77
Radiac Set. These probes represent the state of the art in alpha
particle detector design and fabrication. If acceptable to the US
Ary, this technology may yield great benefits in the maintenance and
use of Alpha Radiacs. The prototype probes use a solid state
detector, in contrast to the thin layer of aluminized mylar, coated
with a scintillator made of silver activated zinc sulfide, now in use
in the Army’s Alpha Radiacs. The solid state detector is composed of
a transparent epoxy which contains a scintillator, located near the
surface of the epoxy, camposed of silver activated zinc sulfide. A
description of the design and fabrication technique of the detector
are presented in Appendix C. The following test procedure and data
are the result of an in house effort to technically assess the
performance characteristics of this new device in relation to the US
Amy’s requirements. Major detector characteristics are shown in
figures 14 and 14A for the two probes tested.

PREPARED BY: W%W/

MICHAEL J. BASSO
PHYSICIST
RADIAC SYSTEMS BRANCH

SENSCR SYSTEMS DIVISION

Aocession Por

NTIS GRA:I

DTIC TAB O
Unannounced O
Justification. __
By

Distribution/

Availability Codes

. o Avail and/or
111 Dist Special




PREFACE

This document is the result of a testing effort to assess the
technical performance of a new Alpha radiation detector design. The
guidelines for this test effort were established by the US Army
requirements for an Alpha Probe. The testing was conducted as an
internal FW/RSTA Directorate effort utilizing in house persamnel and
facilities. The test data set forth in this document are based on a
small sample of Alpha Probes. Therefore, the conclusions can not be
based solely on statistics, but also on scientific judgement and
experience.
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1.
(a) Definitions

(1) EFFICIENCY: The efficiency of the Alpha Detector is
defined as the ability of the detector to detect the
calibrated count rate (in counts per minute, or CPM) of
alpha particles emitted from a calibrated source in 2Pi
geanetry with no additional electronic amplification by the
AN/PIR-77. The internal AN/POR-77 amplification adjustment
switches H and J are set to zero when efficiency is
determined.

(2) ACCURACY: The accuracy of the Alpha Detector is the
ability of the detector t6 count the calibrated mumber of
alpha particles emitted per minute from an alpha source in
2Pi geametry, after having been calibrated using the
AN/PIR-77 internal electronic amplification switches H and
J.

(3) ALFHA DETECTOR FACE AREA: The Alpha Probe has an Alpha
Detector that is solid state in construction ard is
protected by am aluminum grid which divides the area of the
prabe face into nine (9) segments (See figure S5A). When
calibrating the Alpha Probe using the AN/PDR-77 Calibration
Fixture and the AN/UIM-6 Radiac Calibrator, only segment #2
of the probe face is calibrated. (See figures 3 and 6.)

(4) CPM versus DPM: The term CPM (Counts per Minute) refers
to the number of alpha particles emitted per minute in a 2Pi
geanetry. The term DPM (Disintegrations per minute) refers
to the mumber of muclei in the socurce which disintegrate
each minute in a 4Pi geametry. In the case of the AN/UIM-6,
Plutonium 239 is electroplated as a thin coat on a metal
disc and the thickness of the layer is so small that it does
not present a problem in self absorption of the alpha

particles.

(5) INTEGRATED ALPHA DETECIOR FACE AREA ACCURACY: This
accuracy is the sum total of each of the accuracies of the
individual segments of the face area, divided by nine to
achieve the average accuracy per segment.

(6) ALFHA PROBE DESIGNATED IDENTITIES: The two (2) Alpha
Probes tested were assigned the identities of Probe A-1 and
Probe A-2. Their respective serial numbers are AP094001 and
AP094003. :




(7) CALIBRATED ATTENUATORS DESIGNATED IDENTITIES: The three
calibrated attemiators were given the following identities:
The attenuator having an attermation factor of .981 was
designated K-1, that having an attemmation factor of .662
was designated K-2, and that having an attemuation factor of
.961 was designated K-3.

(8) ENERGY DETECTION THRESHOLD: The energy of the least
energetic alpha particle which the radiac can successfully
detect (count). The alpha particle must possess enough
kinetic energy.to penetrate the aluminum (light tight) layer
as well as the epoxy material of the detector itself, and
still produce sufficient photons by colliding with the Zinc
Sulfide scintillator. These photons are collected by the
light pipe and detected by the photamiltiplier tube, whose
output is an electronic pulse. The amplitude of this pulse
is greater than the electronic discriminator threshold,
allowing the event to be counted by the radiacmeter.

(95 38N/UIM-6 RADIAC CALIBRATOR: A set of four calibrated

Pu sources which provide (naminal) count rates of

1,000, 10,000, 100,000, and 1,000,000 CPM. A letter of
certifi@tim fram the US Army Primaxy Nucleonics Laboratory
at Sacramento, California, is included in Appendix C. This
letter also gives the exact, calibrated count rates.

(b) POST-TEST RESULTS

The following abservations and conclusions are based on the
data accumilated during testing. Measured test values are
summarized and presented in Table 1.

(a) Calibration: The alpha probe was easily calibrated
following the calibration procedure outlined in the Test
Plan. This calibration was mamtamed throughout the

testing program.

(b) Range: The measured range of the Alpha Probe extended
fram 21 CPM to 1358 KCPM in the total count mode while
maintaining the required accuracy of #10%. In the count
rate mode, the Alpha Probe demonstra tgscaxpl goroount
rates in the order of magnitude of 10”7, 10%, and 10

CPM. At count rates of the order of 105 CBM, which

exceeds the range of the instrument, the display read 999
KCPM.

(c) Linearity:

(1) Low Range: The measured linearity at the lower end
of the range demonstrated campliance (*10% accuracy)
with the requirements. The low range linearity test
included the following count rate levels: 26, 465, and
1376 CPM.




(2) High Range: The measured linearity at the high CPM
range also demonstrated campliance (110% accuracy) with
the requirements. The high range linearity test
consisted of the following CPM levels: 11799, 121560,
ard 1,113,522 CPM.

(d) Energy Threshold: The minimm energy level for Alpha
Particle detectiaon for both prototypes tested meets the
requirement for an energy threshold of 3 MeV or less.

(e) Gamma Response: Both prototypes demonstrated zero counts
when exposed to a gamma field of 1 R/hr. This result meets
the Army requirement of demonstrating a count rate of 25,000
CMM or less in a 1 R/hr gamma field. At higher gamma
intensities, the Alpha Probe demonstr.ted a susceptibility
by exhibiting a drop off in the measured alpha count rate.
(See figure 10.) The dbservad drop in the alpha count rate
is not considered a discrepancy, since the effective gamma
dose rate would be too harmful to the operator for practical
use of an alpha radiac.

(f) Battery Life: Both prototypes exceeded the fifty hour
operational requirement. However, the battery life depends
on the current drain, which is determined by the mode in
which the AN/PDR-77 is operated. Alpha probe A-1 was
operated in the count rate mode, utilizing calibration
source A (1376 CPM). During this test, the light in the
radiacmeter was turned on for four hours, but no cother
indication (alarm or chirper) was used. The unit performed
within the specified accuracy (+10%) for 93 hours, until the
built in low battery indicator alarmed. The low battery
indicator is designed to alarm when approximately ten hours
of battery life remain. Alpha Probe A-2 was also operated
in the count rate mode, utilizing source C (121,560 CPM).
During this test the radiacmeter light was turned on for
five hours, with no other indicator used. The unit
performed within the specified accuracy (+10%) for 82 hours,
until the built in low battery indicator alarmed.
Recalibration of both units demonstrated that no changes
occurred in the circuitry or detectors due to the battery
failure. The same calibration switch settings were cbserved
following the recalibration as before the battery test.

(9) Response Time: Both prototypes met the requirement of
measuring the count rate of the calibration source with an
accuracy of +10% two minutes after being turned on, after
having been off for no less than sixty minutes.

(h) Stability: Both prototypes met the stablllty
requirements based on data obtained during the battery test.




(1) Light lLeak: Probe A-2 exhibited a light leak. The leak
was traced to segment #5 of the detector face. Subsequent
analysis indicated a thinning of the alumimm layer, which
acts as a light shield, at this particular location. A
repair was effected using aqua-dag, a colloidal carbon
solution.

(3) High Temperature (140°F/60°C): Both prototypes met the
+10% accuracy requirement at high temperature. Probe A-1
exhibited a drop in count rate readings of 3.4%, and probe
A-2 exhibited a drop in readings of 8.9%.

(k) Detector Area Response: The average accuracy for both
prototypes was evaluated. Results showed that Probe A-1
displayed an average segment accuracy for count rate of
+6.8%, while Probe A-2 displayed an average segment accuracy
for count rate of -16.4%. Probe A-2 does not meet the +10%
acwracyrequuementwtnnusedmalazgesurfaceama
contamination field. Praobe A-2 data was acquired using an
opaque black cloth draped over the detector to eliminate the
effect of any light leak. Therefore, the data reflects the
effects of fabrication and materials in the performance of
detecting and counting alpha particles with Probe A-2.

Further analysis of the detector area data acquired
with a small area collimator shows that the sensitivity of
the detector face varies radially with the distance from the
geametric center of the detector face. The photamultiplier
tube (PMT) is typically located at this point on the
detector, and logically the counting accuracy should be the
highest at this location. As one moves away from the
center, the counting accuracy decreases, as one approaches
the edge of the detector. It is thought that this, the
geametry of the light pipe being relatively thin, causes the
shape of the light pulse generated by an incident alpha
particle to became distorted, stretching the pulse, and
thereby decreasing its height. If the pulse height is
decreased sufficiently, it will fall below the discriminator
voltage threshold. Other contributors may include an uneven
distribution of Zinc Sulfide scintillator, or an uneven
thickness of alumimum. These, however, would most likely be
randomly distributed across the detector face, and not
contribute to the radial decrease in count rate.

(1) Low Voltage Effect: The performance of both prototypes
was acceptable, maintaining a +10% accuracy in count rate
for a voltage drop of greater than three volts, from an

original stating voltage of nine volts. The readout from
the radiacmeter became unstable between 4.5 and 5.0 volts.




(m) System Qurrent Drain: The current drain for both
prototypes was measured for different operating conditions
and cambinations, incorporating high and low count rates,
back lighting off and on, chirper off and on, and audio
alarm off and on. Results show that a minimm current drain
occurs when the instrument is measuring count rate with the
back light, the chirper, and the audio alarm all off. In
this mode, the current drain averages approximately 10 mA.
Measuring count rate with the back light, the chirper, and
thgaudioalamall.on, and a count rate on the order of
10° CPM produces an average current drain of approximately
30 mA. Each BA-3090 battery can supply 20 mA for 20-25
hours. Therefore, three such batteries, as used in the .

AN/POR-77, did supply sufficient power to operate an
instrument for at least fifty hours.

(n) Low Temperature (-25°F/=32°C): Both prototype probes
were subjected to a temperature of -25°F(-32°C). The
radiacmeter was not exposed to the low temperature. Both
prototypes maintained the same count rate accuracy as at
roam temperature for more than two hours at low temperature
prior to termination of the test.

(c) Conclusions

The AN/PDR-77 Solid State Alpha Probe demonstrated a
considerable improvement in performance and physical construction
over eavliier alpha particle detectors. Specifically, the major
improvement is the solid state construction of the detector
element, which eliminates the old problem of puncturing the thin
zinc sulfide coated, aluminized, mylar "window" during field
surveys. The durability of the present thin alumimum light
barrier on the outer surface of the solid state alpha detector is
unknown. A proper assessment would require field testing which
would subject the instrument to rough terrain. Another
improvement is the increased insensitivity to background gamma
radiation for a gamma dose rate of 1 R/hr. This will allow area
monitoring to be done in a higher background enviromment than was
heretofore possible. Other positive design features include
stability of the device at high and low temperatures, as well as
excellent range and linearity. The uncbstructed detector face
areaismdilargerthanthatofmegrobescnm'entlyinuse.
The prototypes have an area of 100 cm®, divided into nine
segments whereas the older probes have a wire mesh dividing 100
an“ into 320 smaller segments. The decrease in count rate
radially from the center of the detector face (note earlier)
should be improved. This may be done by replacement of the
geametrically flat light pipe now used with one shaped to provide
less distortion. For example, a cone shape might be used. It
is, however, concluded that the prototype Alpha Particle
Detector, designed by the Oak Ridge National Laboratory (ORNL),
presents a vast improvement in the current design of alpha
particle detectors.




Table I

SUMMARY OF MEASURED TEST RESULTS
1. Caljbration:
Probe Switch #2, Setting of H and J
A-1 4 5
A-2 4 5
2. Range: *
Calibrated Count Rate 5 Accuracy (Count Rate)
Probe A-1 Probe A-2 | Probe A-1 Probe A-2
a. 26.8/21.07 CPM .978 .982 N/A N/A
b. 1376/1106 CPM .996 1.02 .996 1.036
c. 11799/13126 CPM .996 .989 1.020 .995
d. 121560/144320 CPM .989 .962 1.020 .965
e. 1113522/1358710 CPM .944 .933 Off Scale  1.010

* Left value for Probe A-1, right value for Probe A-2.

3. Linearjty:

Calibrated Count Rate Probe A-1
a. 26.8/54.1 CPM  0.950

(Five minute count mode)

b. 465.1 CPM 1.01
c. 1376 CPM 0.997
d. 11799 CMM 1.00
e. 121560 CPM 1.01
£. 376370 CPM

g. 1113522 CPM . 0.929

4. Energy Detection Threshold:
Probe A-1
Probe A-2
5. Gamma Response
Probe A-1
Probe A-2

6. Battery Test

Time until
1ow Battery

Probe A-1 93 Hrs (Light on 4 Hrs)
Probe A-2 82 Hrs (Light on S Hrs)

7. Response Time: Power Off one hour to power On

(Count rate mode)
Probe A-2 Probe A-1 Probe A-2
0.99
0.98
0.98
1.02
0.989 0.995 0.969
1.00 0.981
0.936 '
Alpha Energy (MeV)

1.

Detector Area Segment #5)

8 (
2.1 (Detector Area Segment #5)

Voltage when Calibration

accuracy >10% Check
5.5-6.0 VDC OK
5.5-6.0 VDC OK

Probe A-1 Accuracy Before:_97.9% Accuracy After: 98.7%
Probe A-2 Accuracy Before:_92.6% Accuracy After: 97.9%




8. Stabjility: Accuracy stayed within specified limits.

Probe A-1 Yes
Probe A-2 Yes

Battery Replacement Restores Reading to Specified Accuracy':

Probe A-1 Yes |
Probe A-2 Yes

9. Light Ieak: All detector face area segments individually tested.

Probe A-1 No Failures
Probe A-2 Failure in .one segment (Repairs effected)

10. °C):
. . .-
Probe A-1 ‘ -3.4%
Probe A-2 . -8.9%

11. Detector Area Response:

of i .

Probe A-1 1.068 (+6.8%)

Probe A-2 0.836 (~-16.4%)

12. Vi ect:

Voltage Probe A-1 Probe A-2
9.0 12.9 KCPM 12.4 KCPM
8.5 12.9 KCPM 12.4 KCPM
8.0 12.9 KCPM .- 12.3 KCPM
7.5 12.9 KCAPM 12.2 KCAM
7.0 12.6 KCPM 12.2 KCPM
6.5 12.4 KCPM 12.2 KCPM
6.0 11.9 KCPM 11.5 KCMM
5.5 11.3 KCPM 11.0 KCPM
5.0 10.0 KCPM 5.0 KCIM
4.5 4.0 KCPM Erratic
4.0 Erratic Erratic
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Source A,
Saurce A,
Source A,

Source C,
Saurce C,
Source C,

Source D,
Source D,
Source D,
Source D,

Prabe A-1
Probe A-2

14. Low Temperature (-32°C):

9.15 mA 11.50 mA
18.25 mA 21.80 mA
No Light 10.10 mA 11.50 mA
Chirper On 11~-13 mA 10.8-12.1 mA
Alarm On 17-26 mA 16-27 mA
No Light 10.10 mA 10.95-11.25 mA
Chirper On 16-25 mA 17-27 mA
Alarm On 17-26 mA 16-27 mA
No Light 10.10 mA 11.20 mA
Chirper On 18-28 mA 17-28 mA
Alarm On 17-27 mA 16-26 mA
Chirper On, Light on 25-37 mA 30-40 mA
Percent change Room Temperature/ILow Temperature
+1.59%
-0.85%

Radiacmeter on, No Source, Light off
Radiacmeter on, No Source, Light on

11

A=




PORTABLE
ALPHA-BETA-GAMMA
SURVEY METER

AN/PDR-77()

AN/PDR-77( )

ALPHA PROBE

LARGE AREA-100 cM?

TEST UNIT

Figure 1
AN/PIR~77 with Prototype Alpha Probe
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1. CALIERATION TEST
A. Criteria;

The instrument shall be calibrated against Plutonium 239, using
the AN/UIM-6 Alpha Radiac Calibrator. The meter indication shall be
proportiocnal to the concentration of radioactive material of the
source. .

B. i i :

1. AN/UIM-6 Radiac Calibrator.

2. AN/PIR-77 Calibration Fixture.
3. Screwdriver.

4. ™ 11-6665-251-40.

G. :

1. Record the date, the serial mumbers of the radiacmeter, the alpha
probe, the calibrator, and each of the four calibrator sources, and
the calibrator’s calibration date in the indicated spaces on the data
sheet. Record the calibrated count rate for each of the four
calibrator sources in the indicated spaces on the data sheet.

2. Set the instrument for Scalar Mode, with a five minute counting
time. Using the screwdnver, loosen the eight captlve screws at the
rear of the radiacmeter casing and slide the casing baclmard far
enough to expose the slide switches.

3. Take a five minute Background Count, and record this number on the
data sheet (Step 1).

4. Using the calibration fixture, take a five minute reading for
Source A, and record this mumber on the data sheet (Step 2). (See
Figures 2 to 6) :

5. Using the calibration fixture, take a five minute reading for
Source B, and record this number on the data sheet (Step 3).

6. Using the calibration fixture, take a five minute reading for
Source C, and record this mumber on the data sheet (Step 4).

13




CALIERATTON TEST (Continued)

7. Divide the difference between the result of Step 2 and Step 1 (the
Background Count on the data sheet) by five times the calibrated
activity of source A, and record this mmber on Step 5 of the data
sheet.

8. Divide the difference between the result of Step 3 and Step 1 (the
Background Count on the data sheet) by five times the calibrated
activity of source B, and record this mumber on Step 6 of the data
sheet.

9. Divide the difference between the result of Step 4 and Step 1 (the
Background Count on the data sheet) by five times the calibrated
activity of source C, and record this mumber on Step 7 of the data
sheet. '

10. Add the results of Steps 5, 6, and 7 of the data sheet, then
divide the total by three. Round this off to two decimal places, and
record this mumber on Step 8 of the data sheet.

11. Use the result of step 10 above to set switches H and J on switch
2 IAW page B~11 of T 11-6665-251-40 and record these settings on Step
9 of the data sheet.

12. Slide the casing back into position, and tighten the screws.

13. Repeat steps 3 through 9 above. If the results of steps 7, 8, or

9 for the second time are less than 0.90 or greater than 1.10, the
instrument has failed the test.

14




DATA SHEET
Type Test:_CALIERATION. mre: 19 Nov 91
Alpha Calibrator, AN/UIM-6 S/N:_R100 3
Calibration date:_Q FE® Q0
Radiacmeter s/N: SMALHI03 Probe s/N: APOGHOO | (n-n)

Alpha Calibrated Attenuator Calibrated

P15%A 30
sPWMS2 [ W19
< P\A07 | 13560
SP3 | W3S

Mode: Ratemeter _ Scalar ¥X_ Preset Time Interval (Min): 5. o
Test Data
1. Backgrourd Count: Q,gq

" 2. Reading for Source A: 3-'5'(

3. Reading for Source B:__31:0 K

4. Readi.ngforSom:ceC:__Z\_o_K_

5. Divide the difference between the result of Step 2 and the

Bacmiam by five times the calibrated activity of source
A

6. Divide the difference between the result of Step 3 and the
Ba und_Count by five times the calibrated activity of source
B: _,45¢

7. Divide the difference between the result of Step 4 and the
Backgm@ Count by five times the calibrated activity of source
C: 14

8. Add the results of steps 5, 6, and 7, then divide by three. Round
off to two decimal places:

9, Set switches H ard J on switch 2. H: "/ J: 5
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DATA SHEET .
Type Test:_CALIFRATTON. mare: 22 NV 9|
Alpha Calibrator, aN/UtM-6 s/N:_1Q03
Calibration date: 9 FEB Q0
Radiacmeter s/N:SMAYH[0D- Probe s/N:_ AT
Alpha | Calibrated | Attemmator Calibrated
A%1899 | \3b
2P| 11aq
c P01 [ \2\6LO

5 237135 3420

Mode: Ratemeter __ Scalar X_ Preset Time Interval (Min): X0
Test Data
1. Background Count: 3.2

2. Reading for Source A:_ 3,089

3. Reading for Source B: > K

4. Reading for Source C: 1> K

5. Divide the difference between the result of Step 2 ard the
Background Count by five times the calibrated activity of source
A:

6. Divide the difference between the result of Step 3 and the
Backgroynd Count by five times the calibrated activity of source

Br 499

7. Divide the difference between the result of Step 4 and the
Baw by five times the calibrated activity of source
C:

8. Add the results of steps 5

off to two decimal places: .ﬂh

9. Set switches H and J on switch 2. H: U’ J:é

and 7, then divide by three. Round

16




TEST FIXTURE —

AN/UDM-6
ALPHA PARTICLE SOURCE

12.6 €m

Figure 2
Test Fixture used with AN/UIM-6
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msitimofprptotypeuphapmbein'restl-‘ixume

ALPHA PROBE ELECTRONICS

ALPHA PROBE HOUSING ‘\\\

FOR PHOTOMULTIPLIER TUBE

TEST FIXTURE

ALPHA DETECTOR PROTECTIVE GRID

| /
A AR AN NN 4 /
/J | L : / /;t/ 7 y L VA /i

AN/UDM-6 ALPHA SOURCE

Figure 3
Prototype Alpha Probe and Test Fixture
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Oak Ridge National Laboratory
Prototype Alpha Particle Detector

Scindllator #LL1990 - ZnS

6000 A Aluminum + hardcost . o
Hamamatsu R1924 PMT @ 900V, 200 mV input sensitivity
Light-tght to 10,000 ft. candles

PROBE

Scinallator #101791 - IaS

3000 A Aluminum + hardcoat

Hamamatsu R1924 PMT @ 925V, 200 mV input sensitiviry
Light-ught to 10.000 f:. candles

Figure 4

Alpha Probe Scintillator, Light Tight Coating Thickness,
and Photamultiplier Tube
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Alpha Probe Detector Face Dimensions

10Vmm

Figure 5
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SEGMENT SEGMENT SEGMENT
i #2 #3

SEGMENT SEGMENT SEGMENT
#4 #5 #6

SEGMENT SEGMENT SEGMENT
#7 #8 #9

| <N

Figure Sa
Alpha Probe Detector Face Segments
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| <N

Figure 6
Calibration of Alpha Probe using Detector Segment #2
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1II. RANGE TEST
. Cri ia:

The instrument shall detect alpha particles, and shall indicate
on a meter the rate in either counts per minute (CPM) or
disintegrations per mimute per 100 square centimeters (DH&/lOOanz)
at which alpha particles are impinging upon the detector. The
units should be user ectable. Desirable meter ranges are 0-10
CPM and 0-10° DEM/100cm®.

B. i i :
_ 1. AN/UIM-6 Radiac Calibrator.
2. AN/PIR-77 Calibration Fixture.
3. AN/UIM-6 Calibrated Atternuators (See figure 7).
C. Procedure:

1. Record the date, the serial numbers of the radiacmeter, the alpha
prcbe, the calibrator, and each of the four calibrator sources, and
the calibrator’s calibration date in the indicated spaces on the data
sheet. Record the calibrated count rate for each of the four
calibrator sources in the indicated spaces on the data sheet. Take
five 5 minute background counts and record them on the data sheet.

2. Set the instrument for Scalar Mode, with a five minute counting
time. Take five 5 minute counts for sources A, B, and C, and record
the results on the data sheet. (Steps 1, 2, and 3)

3. Then set the instrument for a 0.8 minute counting time, take five
0.8 minute counts using source D, and record the results on the data
sheet. (Step 4) .

4. Take the average of the readings for each of the four sources. For
sources A, B, and C, divide the results by five. Take the average of
the five readings for source D. Divide this result by 0.8, ard record
this on the data sheet. (Step 8) Divide Step 8 by the calibrated
activity of source D and record on the data sheet. (Step 13)

23




II. RANGE TEST (Continued)

5. Set the counting time back to five mimutes. Using source A with
the K-1 attemuator, take five 5 mimute counts, and record this on the
data sheet. (Step 9). Average these readings, subtract the five
mimute background count taken during calibration, divide by five, and
record the results on the data sheet. (Steps 9a and 9b)

6. Campare the results with the calibrated source count rates and
record the results on the data sheet. (Steps 10 to 14)

7. Repeat steps 2 through 5 with the instrument in the count rate
mode, and record the results on the data sheet. (Steps 15 to 19).
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DATA SHEET
Type Test:_RANGE. pare: |9 I\]ov a

Alpha Calibrator, AN/UIM-6 S/N:_[11903
calibration date: 9 €6 Q0
Radiacmeter S/N:SMAKKI03 probe s/N: RPOAHQO (\Q"}

Alpha Calibrated Atteruator Calibrated
{Somrce S/NIActivity(CPM){  Number | Attenuated Activity (CPM) |
A018sa| Vb K-1 6.9
g 048 | \W1Aa]
PAQ7 | WN560

€% [ WIS

Mode: Ratemeter  Scalar X Preset Time Interval (Min): 5:9 mﬂ\O.*z
Test Data

Background Counts: 1.02

1. Readings for Source A:_{. 67 K, OT‘\\( (. aaxg (,QO\( (.goK

2. Readings for Source B: ST K SX K

3. Readings for Source C: IQQK, ‘203-1, Sqlx,k () K £G4 K
4. Readings for Source D:332 K X4Y9K ,X‘J‘JK'LVLHK, 15K

5. Average the readings for source A, ard divide by five: L3 K QPM
6. Average the readings for source B, ard divide by five: WY X Cem
7

. Average the readings for source C, and divide by five: 120-3Y (em
8. Average the readings for source D, and divide by 0.8: \Ob/\ 1‘53 K C?\h
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DATA SHEET (Continued)

Type Test:_RANGE (Contjmed). ere:_20 NG\ &4
Mode Ratemeter_ ScalarX Preset Time Interval (Min): 5.0

Probe S/N:___
9. Reachrgs for Source A (with Attemiator K-1):

1531 173 | 149, 19 (139

a. Average reading for source A with attermator K-1: <‘-\3

b. Subtract background count from step 9.a and divide by 5:_ ¢+ ¥ ¥cem
10. Divide step 5 by calibrated activity of source A: :qq l’

11. Divide step 6 by calibrated activity of source B: .qq g

12. Divide step 7 by calibrated aétivity of source C: 'q%q

13. Divide step 8 by calibrated activity of source D: nq H L‘

14. Divide step 9.b by calibrated attemuated activity of source A:

A
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Type Test: RANGE (Continued). oare:_JONN Al
Probe s/N:_ A=\
15. Repeat procedure with instrument in count rate mode:

—Average
a. Readings for Source a:}3bk | VK| VARK LU0V 1AL 120K
b. Readings for Source B:AZV Y [123KWAK I NOY WAK| 1104 K
c. Readings for Source c:13S K | 194 K| 125 %| 193¥| 193K| 1340 K
d. Readings for Source D: XA4Y] | | | || OFF Kale

16. Divide average count rate in step 15.a by source A calibrated
activity: Q44

17. Divide average count rate in step 15.b by source B calibrated
activity:__1: 92O

18. Divide average count rate in step 15.c by source C calibrated
activity:__1.030

19. Divide average count rate in step 15.d by source D calibrated
activity: ofFF XNL‘E
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DATA SHEET
Type Test:_RANGE. e 23 MAR 9%

Alpha Calibratar, an/umM-6 s/N:_ A\ LO
Calibration date: 24 SN AN

Radiacmeter s/N:-IMALH 0 Probe S/N:__1A—'&

Alpha Calibrated Attemuator Calibrated
aR3152 | wob K-) Ml

2 €1134 | \31ab
cfPabek | 1UH32LO

[p®3159 | MSLE| K->, 495327
Mode: Ratemeter  Scalar X Preset Time Interval (ujn):S.oz b
Test Data

Background counts:_403,2.0€ 3.38 .39, 4,19

1. Readings for Source A: 5;7QK;!;.’)Q§J5H')-K: S’.SOK,S(F\K

2. Readings for Source B: K33 K, LMK, (9.0K, (4,0K 63G¥

3. Readings for Source C:MKL (iqék GCIB K,qugl{q, k

. Readings for Source D: 3!4 E,Y'&K’ il‘ik,YoéK; X171 K

5. Average the readings for source A, and divide by five: l-l?zk tem

6. Average the readings for source B, and divide by five: |2, 36 K CPM

7. Average the readings for source C, and divide by five: | 33“6” KePm

8. Average the readings for source D, and divide by 0.X: 12551 K cCAM
0.6

-
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DATA SHEET (Contimued)

Type Test: RANGE (Contirued). oare:_ 33 MAR 1)
Mode: Ratemeter  Scalar X Preset Time Interval (Min): 3.9

Probe S/N:_ W=

9. Readings for Source A (with Attenuator K-1):

WY e A% | W

a. Average reading for source A with atteruator K-1: \Q‘\.b
b. Subtract background count fram step 9.a and divide by 5: &“01 CPM

10.

11.

.12.

13.

14.

Divide step 5 by calibrated activity of source A: _ }'Q %0
Divide step 6 by calibrated activity of source B: 40
Divide step 7 by calibrated activity of source C: ALY
Divide step 8 by calibrated activity of source D: .q 33

Divide step 9.b by calibrated attenuated activity of source A:

ALY
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DATA SHEET (Continued)
Type Test:_RANGE (Continued). mare:_23 MAR 4%
15. Repeat procedure with instrument in count rate mode:

Probe s/N:_ R~
—Average
a. Readings for Source A:\‘\S\LILQV.L WM LIS LI K| 144k K
b. Readings for Source B:129% VDA [NRAYRAK |BROY 1J.0b K
c. Readings for Source c:\M\ K& | 13K | 139K \3K) \"‘Q-Kl 39 K
a. Readings for Source D:503K |HA K 4dak| €I YAk, UMY K %

16. Divide average count rate in step 15.a by source A calibrated

activity:_ 1,03

17. Divide average count rate in step 15.b by source B mlibr&ted
activity: \qqs

18. Divide average count rate in step 15.c by source C calibrated
activity: \q(43

19. Divide average count rate in step 15.d by source D calibrated
activity: 1. 0\0

T* Qp“l‘“‘“ Teen~ Wd" Wanmualzr K- Py
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Alpha Particle Attemuators used with the AN/UIM-6

------

K-' ATTENUATOR

-2 ATTENUATOR

Figure 7
Attermuators
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1II. LINEARITY TEST
A. Criteria:

Respanse of the equipment shall be linear. Instrument readings
at any point within the upper eighty percent of the 0 to 1,000 CPM
range, and the upper ninety percent of all other ranges shall be
within ten percent (plus or minus) of the readings caused by a known
cancentration of Plutonium.

B. Required Equi ;

1. AN/UIM-6 Radiac Calibrator.
2. AN/PIR-77 Calibration Fixture.
3. Calibrated Attermators K-1 and K-2.

C. Test Procedure
1. Low Range (O to 1,000 CPM)

a. Record the date, the serial of the radiacmeter, the
alpha prabe, the calibrator, the 10° CPM calibrator source, and
the calibrator’s calibration date in the indicated spaces on the
data sheet. Record the calibrated count rate for the 10
calibrator source in the indicated space on the data sheet.
Place the calibrated AN/PDR-77 in the total count mode, and set

_ the time interval to five minmutes. With no source in the
fixture, place the probe in the calibration fixture, and take
five 5 mimute background counts. Record them on the data sheet
(Step 1). Average the background counts and record the average
on the data sheet (Step 2).

b. PlaoethelO3CPMsmrcefruntheAN/Um-61nthe
calibration fixture, and take five 5 minute counts. Record each
- 5 minute count on Step 3 of the data sheet. Average the five
counts, and record this value on Step 4 of the data sheet.
Divide this by five, and record this value on Step 5 of the data
sheet.

c. Take the result of Step 5 of the data sheet and divide by the
calibrated activity of the source. Record this result on Step 6
of the data sheet.

d. Repeat step C.1l.b above, using the K-1 Attemuator. Record the
results on steps 7, 8, and 9 of the data sheet.

e. Take the result of step 9 in the data sheet, divide by the

calibrated attenuated activity of the source, and record this
result on step 10 of the data sheet.
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LINEARITY TEST (Contimued)
f. Repeat step C.1.b above, using the K-2 Attermator. Record the
results on steps 11, 12, and 13 of the data sheet.

g. Take the result of step 13 on the data sheet, divide by the
calibrated attemuated activity of the source, and record this
result on step 14 of the data sheet.

h. The results of steps 6, 10, and 14 on the data sheet shall not
be less than 0.90 or greater than 1.10. If all three ratios do
not fall within this range, the instrument has failed the test.

2. High Range (103 to 10° cpM)

a. Record the date, the serial numbers of the radiacmeter, the
alpha probe,- the calibrator, and each of the four calibrator
sources, ard the calibrator’s calibration date in the indicated
spaces on the data sheet. Record the calibrated count rate for
each of the four calibrator sources in the indicated spaces on
the data sheet. Place the calibrated AN/PDR-77 in the total
count mode, and set the time interval to five minutes.

b. Plaoettxe104CH4s0Ln'cefmtheAN/Um-6inttxe
calibration fixture, and take five 5 mimute counts. Record each
5 minmute count on step 1 of the data sheet. Average the five
counts, and record this value on step 2 of the data sheet..
Divide this by five, and record this value on step 3 of the data
sheet.

c. Take the result of step 3 and divide by the calibrated
activity of the source. Record this result on step 4 of the data
sheet.

d. Repeat steps C.2.b and C.2.c with the 10° source in the
calibration fixture. Record these values on steps 5 to 8 on the
data sheet.

e. Reset the counting interval to 48 secords. Repeat steps C.2.b
and C.2.c with the 10%® source in the calibration fixture.

Record these values on steps 9 and 10 of the data sheet. Take
the ratio of the average count to 890,818, and record this value
on step 11 of the data sheet.
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LINEARITY TEST (Continued)
f. Place the instrument in the ratemeter mode. Repeat steps
C.2.d amd C.2.e. Record these values on the data sheet. (Steps

12a to 12f)

g. The results of steps C.2.c, C.2.d, and C.2.e shall not be less
than 0.90 or greater than 1.10. If all three ratios do not fall
within this range, the instrument has failed the test.
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DATA SHEET

Type Test:_LINEARTTY (LOW RANGE). mare: b NQV q|
Alpha Calibrator, AN/umM-6 s/N:_ AVQ O3
calibration date: O\ £€® 40

Radiacmeter s/N: SMAKY O Probe s/N:__ A= &
Mode: Ratemeter_ _ Scalar X_ Preset Time Interval (Min):_ 5,0
Alpha Calibrated Attermuator tCh;ibrated
AP\S’S"& \31" K=3 54',
AP195 1 1310 k-2 Y6y, )
Test Data

1. Five 5 minute background counts: L . 3 . ] . 4". 1

2

3

. Average background counts: 7
. Five 5 minute counts using the 103 cm source:‘hqc"( . (,'\7)\(- L.Uoj\é

b K bASK

4. Average the readings: L] K.

5.

6‘

8'

9.

Divide the average reading by five: 135K (M

Divide the above result by the calibrated activity of the 10° CPM
source:; )q%

. Five 5 minute counts using the 107 CPM source with the K-3
atteruator: 35X '}is A0 3 Yo

Average the readings:_911-)>- Subtract background:__2-)Q. %

Divide the average reading by five: 54.04

10. Divide the above result by the calibrated atteruated activity of

the 103 CPM source: oQ1
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DATA SHEET

Type Test:_LINEARTTY (LOW RANGE) (Contirued). are: 3 DEC )
Probe s/N:__QA— o

11. Five5mjmtecamtsusingthelo3cméwrcewiththex-z
attermator: 23S ¥ 23 k 238K 308K 216K |

12. Average the readings:_ 21 ¥ subtract background: 2110[
13. Divide the average reading by five:_ H 5’3.‘-!'
14. Divide the above result by the calibrated attemuated activity of

}:he103CER4$ance: 00’%
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DATA_SHEET
Type Test:_LINEARTTY (HIGH RANGE). oare: 20 NOV q
Alpha Calibrator, AN/UDM-6 S/N: Al OO 3
calibration date: )\ F€E® A0
Radiacmeter S/N:SW\O\‘L'*\Q k3 Prcbe S/N: ARQH X (“")

Alpha Calibrated Attenuator Calibrated

aPrvsq b '
pPiugy | W99
cPae | 121860

1pP 331> | W3S K2 376370
Mode: Ratemeter 5ca1ar__l Preset Time Interval (Min): £.0
Test Data

1. Five 5 mimute counts using the 104 com source: 583 & 543% 629K

594K 593K

2. AveraqumimxtecamtusirgﬂaelO"'CB{san'oe: 5q')'k

3. Average 5 minute count using the 10% CPM source, divided by

five: \\.GH X Qo

4. Above result divided by the calibrated activity of the 10% cPM
source: VDO

5. Five 5 minute counts using the 105 CPM source: ¢!l ¥ | ik Lok

(RY bk

6. Average 5 minute count using the 10° CPM source:_(#10.L K

7. Average 5 mimute count using the 10° CPM source, divided by
five: 131 K Cpm -

8. Above result divided by the calibrated activity of the 10° CPM

source:_1,Q'
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Prabe s/N:__ A~

9. Five 48 second counts using the 105 cm soume:g')qv'. 13““.
MK, 2K K

10. Average 48 second count using the 10% cPM source: %’ﬂ-')‘K

11. Above result divided by the calibrated count of 890,818

CPM: A }q

12. Place the instrument in the ratemeter mode.

A. Take five count rate readings using the 10° CPM source with
no attenuator: 130 X 133K N\K WIK, WO K
B. Average the readings:_ '3\ ¥
C. Divide the above result by the calibrated activity of the
source: A4S
'D. Take five count rate readings using the 106 CPM source
with the K-2 (.380) attemuator:31%% , Fb¥ 0%
9K, 331K
E. Average the readings:_ 311.9 K
F. Divide the above result by the calibrated attenuated

activity of the 10% CPM source with attenuator
K-2:_1O©
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Type Test:_LINEARITY (LOW RANGE). pate: 20 Nov g
Alpha Calibrator, AN/um-s sm: Alo0 3

Calibration daté: QF@ ) _

Radiacmeter S/N:SMOKHN03 Prabe S/N: \q"S

Mode: Ratemeter  Scalar X_ Preset Time Interval (Min): 5O
Alpha Calibrated Attemator Calibrated

{Source S/NlActivity(CPM)| Number | Attermuated Actjvity (CPM) |

2 £1%%4 | D\ 1 %6, ¢

A 065 [ V3 K2 HpY, |

Test Data

1. Five 5 minzte badkgromd courts: 1, 1, 3 . 1, b
2. Average background counts: ‘Qng .

3. Five 5 mimute counts using the 10° ceM source Gf\’\tl bﬂ%y‘ b,‘Q—K
(A3, bSox

4. Average the readings: (o.%b K

5. Divide the average reading by fi%re: \37.)' CPM

6. Divide the above result by the calibrated activi{:y of the 103 cM
source: A7)
7. Five5mim1tecamts.u'sir;gthe 103 CPM source with the K-1
attenuator: \ml %S \&é . \“b, 158
8. Average the readings: H\-'L Subtract backgmwﬂ ]34,]4
/
9. Divide the average reading by five: 3-54(/ QOM

10. Divide the above result by the calibrated attenuated activity of

the 103, CPM source: \q
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DATA SHEET

Type Test:_LINEARTTY (LOW RANGE) (Continued). oare: 30 Mol Q!
Probe S/N: B"\
11. Five 5 minute counts using the 10° CPM source with the K-2
atteruator:20RY, 334K 340K, an0k, 3 MK
12. Average the readings: 3.5 ¥ subtract background:_ 23S K
13. Divide the average reading by five:__ 410 CPM
14. Divide the above result by the calibrated atteruated activity of

the 103 cM source:_ 1,0 | |
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Type Test: LINEARITY (HIGH RANGE). mare: 23 N 41
Alpha Calibrator, AN/UIM-6 s/N:_A10Q73
Calibration date: A F& A0

Radiacmeter S/N:QM A%4107)- Probe s/N:__A-"*

Alpha Calibrated Atteruator Calibrated

AQ\%S‘R 3 b
US> | W19
<O | 1\ Sho

p O | W3S k-2 376310
Mode: Ratemeter  Scalar) Preset Time Interval (Min):_ $:9
Test Data

1. Five 5 minute counts using the 10% oM m:@f\kéi-L‘.Sﬁ¥

LoS¥, ¢43k

2. Average 5 mirute count using the 10* cPM source: bo.o K

3. Average 5 mimute count using the 10% cPM source, divided by

five: 12.0 K

4. Above result divided by the calibrated activity of the 10% cmM
source:_1.92

5. Five 5 mimute counts using the 105 CPM source: 600K ook koo k

641k | ok

6. AverageSmmxtecwnt-usingtheloscmSOtmce: QQI’_'[ X

7. Aveiage 5 minute count using the 10° CPM source, divided by
five: l'J.O.')-"( K CPM

8. Above result divided by the calibrated activity of the 10° CPM

sQurce: qg

41




DATA SHEET

Type Test:_LINEARTTY (HIGH RANGE) (Contirmed). e 2 OGN
Probe s/N:_ Y\~ -

9. Five 48 second counts using the 10% cRM somrce: THIK, VU K
oAbk, K 336K

10. Average 48 secord count using the 10% ¢ source: ?33-% K

11. Above result divided by the calibrated count of
890,818:___ A3l

12. Place the instrument in the ratemeter mode.

A.

Take five count rate readings using the'10° CPM source
with no atteruator:\\1K V4K 10K WY, £\QK
Average the readings: \\].9 KX (fM

Divide the above result by the calibrated activity of the
soarce:_1Abq
Takefivecmntzatereadiri;sxsingﬂ)eloscmlsmrce
with the K-2 attermator:J1S¥ , 313¥ L1k 368k, 33K
Average the readings:_d6qK

Divide the above result by the calibrated attenuated

activity of the 10% CPM source with attenuator

k-2:__ AL
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IV, ENERGY DETECTTION THRESHOLD TEST
A, Criterja:

The alpha energy threshold for detection shall be 3 MeV or less
at the surface of the probe. The equipment shall be sensitive to
alpha particles of all energies above this threshold.

B m!jm mlim.

1. AN/UIM-6 Radiac Calibrator.

2. AN/PIR-77 Calibration Fixture.

3. Threshold Energy Detection Fixture. (See figure 8)
4. Calibrated Barameter.

€. Test Procedure ' B |

1. Record the date, the serial mmbers of the radiacmeter, the alpha |
prabe, the calibrator, each of the four calibrator sources, the

calibrator’s calibration date, and the barametric pressure m the

indicated spaces on the data sheet

2. Place the 10° CPM source from the AN/UDM-6 in the calibration
fixture. Place the calibrated AN/PDR-77 in the count rate mode. Turn
on the Radiacmeter, arxiplacethealannsw1td1mthe"duxp"
position.

3. Place the alpha probe on its side in the calibrated energy
detection threshold fi , so that the segment #5 of the probe face
is directed towards the 10° CPM source. Slowly move the alpha

source toward the probe, using the calibrated distance measuring gauge
which is part of the fixture. (See figure 8)

4. Listen for the first "chirp" sounds indicating that the source has
reached the distance from the probe face that allows only the most
energetic alpha particles (5.1 MeV) to be detected. Record this
distance on the data sheet. Repeat steps 3 amd 4 for all the
remaining segments, and record the results on the data sheet.

5. Using the enclosed graph of alpha particle residual energy as a
function of air thickness, determine the residual energy for the
distance measured in step 4 above. (See figure 9)

6. This residual energy is the minimm detectable energy threshold of
the probe. Record this value on the data sheet.

7. Ifthlsel'xergylevellsmtl&ssthanorequalto3nev the
instrument has failed the test.
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DATA SHEET
Type Test:_ENERGY THRESHOLD. pare: S Nov 9|
Alpha Calibratar, AN/UuM-6 S/N:_ A1Q03
Calibration date: A FEB |
Radiacmeter S/N: Snsg' 410%»  Pprobe sN:_ R~
Barometric Pressure: __ QYD W baes

Mode: Ratemeter X Scalar. Preset Time Interval (Min):

Alpha Calibrated Attemuator Calibrated
{MJ&M_M_MM.
Test Data ' "

. L
1. Distance at which chirping first begins:‘-on R i (Segment #5)

2. Residual Alpha Energy (MeV) for above distance, utilizing figure 9:
2,05, X% Mev (Segment #5)
3. Secment # Distance (inches) Residual Eneray (MeV)

1 nas 2.€0

2

3

4 AaQs 2.£9

5 1037 , A€ 2,05, &.%

s  _1¥S2 2.6

7 l. 0% |.Q )
8 £33 a8

Average Enerygy: MeV
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. DATA SHEET
Type Test:_ENERGY THRESHOID. pare:_ 25 N Q)
Alpha Calibrator, AN/UDM-6 S/N:_Q1003
calibration date: A TE€® A0
Radiacmeter s/N-JMAEH\03 Probe S/N: A-|
Barcmetric Pressure: _1bS  ww \\'&

Mode: Ratemeter X Scalar Preset Time Interval (Min):
Alpha | cCalibrated | Attenuator Calibrated
L?\éé‘\ \3 b
Test Data
1. Distance at which chirping first begins:__1,0b) (Segment. #5)

2. Residual Alpha Energy (MeV) for above distance, utilizing figure 9:
Vo mev (segment #5)
3. Segment #  Distance (inches) Residual Energy (MeV)

1 347 .47
2 911 2.93
3 73] 2,40
4 | <7 2,20
5 1,Q67 l, YQ’
, 37 3.38
7 .A47] 2.0
8 9 67 1.95
o Q37 .40

Average Energy: .97 MeV
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Figure 8
Threshold Energy Detection Fixture
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V. GAMMA RESPONSE TEST
A. Criterija:

The equipment’s ability to detect alpha radiation shall not be
significantly affected by other forms of ionizing radiation. The
gamma response of the the instrument shall not exceed 25 CPM per mR/hr
of gamma radiation at the location of the instrument, for a gamma
field of up to 1 R/hr resulting fram fissioned nuclear weapons
material (gamma energies approximated by Cesium 137). The
instrument’s response to gamma radiation must not exceed 25,000 CPM.

B [ I@m‘ ﬂ mm‘ g!g I; ;

1. AN/UDM-6 mdii;j?mlibmtoy. .
2. Calibrated Cs source with calibrated range.

C. Test Procedure - Gamma Sensitivity

1. Recordtheg?te, the serial mmbers of the radiacmeter, the_alpha
probe, the cs!3/ calibrator, the calibrated activity of the 10°

CPM source, and the calibrator’s calibration date in the indicated
spaces on the data sheet.

2. With the cs137 calibrator aperture closed, determine the distance
down the range where the gamma dose rate is 1 R/hr. Put the
ca&ibrabed AN/POR-77 in the count rate mode, turn it on, and tape the
10° CPM source to the probe face. Place the probe at this location,
with the face towards the calibrator. Record the count rate
with the the Cs calibrator aperture shut on the data sheet.

3. Retire to a safe position and open the calibrator aperture.
Observe the count rate shown on the radiaameter display, and record
this value on the data sheet. :

4. If the cbserved count rate is greater than 25,000 CPM, the
instrument has failed the test.

5. Close the Cs137 calibrator aperture and retrieve the calibrated
AN/PDR-77.
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1. Place the An/PDR-77 into the count rate mode. Mount the probe
securely on a moveable platform on a calibrated track in front of a
Cs-137 calibrated gamma source. The calibrator aperture is initially
shut.

2. Turn the AN/PIR-77 on, ard locate the moveable platform at a point
where the gamma dose rate will be ul R/hr. Measure the distance fram
the source to the detector face.

3. Carefully tape the calibrated 103 alpha source fram the AN/UIM-6
to segment #2 of the detector face. Record the count rate on the data
sheet.

4. Open the gamma source aperture, and record the abserved count rate,
as displayed on the radiacmeter, on the data sheet. Close the gamma
source aperture.

5. Move the platform with the AN/PDR-77 to a new position closer to
the gamma source, and repeat steps 4 ard 5, until the count rate falls
to 100 CPM or less.

6. Plot the recorded data on a graph. (See figure 10)
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DATA_SHEET
Type Test:_GAMMA RESFONSE. pare:_20 NQV 9
Gammn. Calibrator, Type and s/n: AN[uom8, Cs-131, Sw cs-03
Calibration date: 4 DeC 90

Radiacmeter s/N:SMA103 Proke syN:__ A=)
Mode: Ratemeter X  Scalar Preset Time Interval (Min):
A. Test Data - Gamma Sensitivity i
1. cs137 gamma dose rate:__ 1:9Q9  Rshr.
2. Observed count rate (with calibrator closed):__ ' 399  cm
3. Observed count rate (with calibrator open): 13 4O CPM
4. Increase in count rate due to 1 R/hr gamma: 0 CPM
B. Test Data - Gamma Dose Rate Dependence
point # Dose Rate (R/hr)  Distance (cm) Count Rate (CPM)

1 o 2 0% el K

2 s | 2°% ) K

3 6.6 | €0 %70

4 RS - 170 179

5 7, <€ 160 690

6 3.4 150 560

. 9.5 130 368

8 1.9 /30 3720

9 K 110 170

10 I 100 60- 80 ERRANC

11 X0 95 Q ~ 130 V\\osﬂy TCERO

12

13




DATA SHEET
Type Test: GAMYA RESFONSE. mare:_3 DEC A\
Gamma Calibrator, Type and S/N: K\J/UDM'HQ. Cs-n7 , SN ¢S-01
Calibration date:_ 4 DDe&C 90
Radiacmeter S/N: SMAGHIOL  Probe sn:_P=X

Mode: Ratemeter X Scalar Preset Time Interval (Min):

A. Test Data - Gamma Sensitivity

1. cs137 gamma dose rate:__ 1.QQ  R/r.

2. Observed count rate (with calibrator closed): LO‘a K o
3. Observed count rate (with calibrator open):___ 1.Qb K cpm
4. Increase in count rate due to 1 R/hr gamma: Q CPM
B. Test Data - Gawe Dose Rate Dependence (N T SONDUCTED)
Point # Dose Rate (R/hr)  Distance (cn) Count Rate (CPM)

1

2

3

/ \
‘ esT NoT CoDVCTeD

10

11

12

13
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Figure 10
Gamma Dose Rate Dependence
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VI. BATTERY LIFE TEST
A. Criteria:

The equipment shall operate as specified for at least fifty hours
per set of batteries, 1m1ud.1.ng four hours intermittent operation of
the internal illumination of the radiacmeter display. Changing of the
batteries shall not require recalibration of the equipment. It should
be possible to change batteries using only a screwdriver.

B. Required Equi !

1. AN/UIM~-6 Radiac Calibrator.

2. AN/PIR-77 Calibration Fixture.

3. Six (6) BA-3090/U nine volt nonrechargeable batteries.
4. Screwdriver.

C. Test Procedure.
1. Battery Life.

(a) Record the date, the serial mmbers of the radiacmeter, the
Ercbe the AN/UIM-6 calibrator, the calibrated activity of
CPM source from the AN/UIM-6, and the calibrator’s
mllbratmn date in the indicated spaces on the data sheet.

(b) Turn the calibrated AN/PDR-77 on, place it in the ra ter
mode, and turn the display illumination on. Place the 10 CPM
source from the AN/UIM-6 in the calibration fixture.

(c) Place the AN/PDR-77 in the calibration fixture, and record
the time and the count rate on the data sheet.

(d) Allow the unit to operate with the light on for four hours.
At the erd of four hours, record the count rate on the data
sheet, turn off the display illumination, and allow the unit to
continue operating.

(e) Continue to monitor the unit periodically, recording the
time, count rate, and battery voltage, noting the appearance of
the flashing arrow display, indicating low batteries.

(f) Continue to monitor the unit periodically, until normal
operation ceases. Record this time on the data sheet.

(g) If the total elapsed time from step c.1l(b) to step c.1(f) is
less than fifty hours, the unit has failed the test.
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BATTERY LIFE TEST (Continued)
2. Effect on Calibration.

a. Turn the unit off, and open the battery box at the rear of the
radiacmeter casing. Remove the batteries inside, and replace
with three fresh batteries. Repeat the calibration procedure
done earlier to verify that the unit is still calibrated. If the
new slide switch settings calculated are different from those
calculated earlier, the unit has failed the test.
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Type Test: BATTERY LIFE. pare: 23 DEC Al
Alpha Calibratar, aN/umM-6 sN: A\O O3 |

calibration date: A FE® AQ
Radiacmeter S/N:SMATH\0) Probe S/N: A- 2

Alpha | calibrated Attermator Calibrated

ath889 | \3b

c

D
Mode: Rataneter_’s__ Scalar___ ~ Preset Time Interval (Min):
Test Data
1. Battery Life. ’1/’7/q’
a. Initial Time:_ 1Q AM Initial count Rate: /23 K - cmm

b. Record periodic monitoring time and Count rates below. Use a
separate sheet if necessary.

TIME (HRS) QOUNT RATE (CPM) BATTERY VOLTAGE
QO P23 L 9.3 v
2S 123 K 20V
So_ 123 K LA L8 v
g I+ K 7,0 v
RS 117 K 6> Vv
Al 110 K 5.5 Vv

c. Time at which radiacmeter indicates low battery (flashing

arrow) ._ 3 & s Scrke Lfc)l\"l' QN S HovkS
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DATA_SHEET
Type Test:_CALIERATION EFFECT. mare:_Y> DEC A\
Probe S/N:__ WA~
a. Remove depleted batteries (check) __.._.\
b. Repeat calibration procedure (check) _\‘_____

c. Compare results of switch position calculation with those on
original calibration data sheet:

Original settings for switches H and J. H: l’J 'J: g
. s
Cdlculated settings for switches H and J. H: 4 J: 5

If the results differ between the two calibrations, the unit has
. failed the test.
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Type Test: BATIERY LIFE.

DATA SHEET

Alpha Calibrator, AN/uiM-6 syN: A I1Q0 D
calibration date: A F €0 QO

Radiacmeter s/N:aME 1 103

iSource S/NIACCIVILV(CPM)! Number |

DATE: ? DGQ q‘
Probe sN:__ P |
Attermator Calibrated

s P\M- [ W49

c

D

Mode: Ratemeter X Scalar

Test Data

Preset Time Interval (Min):

1. Battery Life. ‘?'"qu,

a. Initial Time: /3:4&

Initial count Rate:_[].€< K cpu

" b. Record periodic monitoring time and count rates below. Use a
separate sheet if necessary.

TIME (HES)
Q

34

6<%
' 42
Ny

117

COUNT RATE (CEM) BATTERY VOLTAGE
1.9 K Q.4
119 ¥ 8.5
12,0 K .0
17 K 185
L5 K 4.9
108 K A’

c. Time at which radiacmeter indicates low battery (flashing
arrow) . q 3 HRS
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DATA SHEET
Type Test:_CALIBRATION EFFECT. oare:_3 LEC A\
Probe syn:_ AT\
a. Remove depleted battenes (check) \ —
b. Repeat calibration procedure (check) ~

c. Compare results of switch position calculation with those on
original calibration data sheet:

Original settings for switches H and J. H: L) J: s
Calmlatedsettﬁr;sforwitdxesnam.:r.n:q J:g

If the results differ between the two calibrations, the unit has
failed the test.




VII. RESFONSE TIME TEST
A. Criteria:

The equipment shall be capable of operating with the required
accuracy within two minmutes after being turned on following a period
of inactivity of at least 60 mimites.

B. Required Equipment.

1. AN/UDM~-6 Radiac Calibrator.
2. AN/PIR-77 Calibration Fixture.

C. Test Procedure.

1. Record the date, the serial mubers of the radiacmeter, the al
probe, the AN/UIM-6 calibrator, the calibrated activity of the 10

CPM source from the AN/UIM-6, and the calibrator’s calibration date in
the indicated spaces on the data sheet.

2. Turn the calibra gedAN/Pm-Wmarﬂplaoe it in the ratemeter
mode. Place the 10° CPM source from the AN/UIM-6 in the calibration
fixture.

3. Place the probe into the calibration fixture, and record the count
ratemthedatasheet(step%) It should be within +10% of the
calibrated activity of the 10° CPM source from the AN/UIM-6. Record
tlxepercemagedl_fferencemthedatasheet (Step 2)

4. Turn off the unit, and remove the probe form the fixture. Record
the time at which this is done on the data sheet. (Step 3)

5. Wait at least sixty minutes. Record the time, on the data sheet
(Step 4), place the probe in the calibrator, and turn the unit on.
Wait a further two minutes, and record the count rate as displayed on
the radiacmeter on the data sheet (Step 5).

6. If the dose recorded in C.5 above is not within +10% of the

calibrated activity of the 10° CPM source fram the AN/UIM-6, the
instrument has failed the test.
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DATA SHEET .
Type Test:_Response Time. patE: 2l UO\) al
Alpha Calibrator, AN/UDM-6 S/N: RIQ O
calibration date:O\ TE€D 40
Radiacmeter s/NSMAKHNO03  prave sv:_ R

Alpha Calibrated Attemuator Calibrated

A

B ___

<0\ | WA 56O

D

Mode: RatemeterX Scalar PrsetTme Interval (Min):

Test Data

1. Initial count rate reading: VA K cm

Z.Mwmagedifferencebetweeninitialoamtratexea:lingarﬂ
alibmtédcotmtrate of source: _—au\ $

3. Time unit is turned off: _I41 $Q

4. Tine unit is turned an: _ 15159

5. Second count rate reading: _ VDO ¥ cmy

6. Percentage difference between second count rate reading and
&alibratedoamtrateofsance: ""\-‘5 %
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Type Test:_Response Time. pare:_3 LEC 4
Alpha Calibrator, AN/UDM-6 S/N:_R1 Q03

Calibration date: 3 YD AQ

Radiacmeter S/N:MALHL0) probe s/N:_ N~

Alpha Calibrated Atteruator Calibrated

B

1A | WA 560

D

Mode: Ratemeter X Scalar __ Preset Time Interval (Min):
Test Data
1. Initial count rate reading: \\xv&gm

2. Percentage difference between initial count rate reading and
calibrated count rate of source: 'jqé %

3. Time unit is turned off: ! 'oé

4. Time unit is turned on: §, ‘7

5. Second count rate reading: \CLEQQ

6. Percentage difference between second count rate reading and
calibrated count rate of source: i TA %
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VIII. STABILITY TEST
A, Criteria:

The equipment shall be zero stable, and shall not drift beyond
the specified accuracy over the battery operating life. Replacement
of the batteries shall restore the reading to the limits allowed under
the criteria for reproducibility, with recaiibration.

B, Required Eoui !

1. AN/UIM-6 Radiac Calibrator.
2. AN/PIR-77 Calibration Fixture.

C. Test Procedure.
1. Stability.

1. UtilizethecountratedatafruntheBattefy'IhstProcedureto
verify that the criteria has been met.

2. Calibration.
1. Utilize the data taken during the calibration check performed

following the Battery Life Test to verify that the criteria has
been met.
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DATA SHEET
Type Test:_STABILITY, pare: 3 OC 9
Alpha Calibrator, AN/UIM-6 s/N: D\O0D
Calibration date: A TED AQ
Radiacmeter s/N: SMA14103 Prcbe S/N: A-|
Test Data
1. Stability: count rate readings stayed wim'%specified accuracy
limits during battery life test (check)

2. Calibration: Battery replacement restore readings to specified

accuracy (check) \‘
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DATA SHEET
Type Test: _STABILITY. DATE: 3 &Q\
Alpha Calibrator, AN/UDM-6 S/N: A\Q0D ~
calibration date: A\ T€D A0
Radiacmeter s/N:QMAGH 10D prove s:_ N7
Test Data
1. Stability: count rate readings stayed wi\:hiﬁpecified accuracy
limits during battery life test (check)

2. Calibration: Ba replacement restore readings to specified

accuracy (check)
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IX. LIGHT LEAK TEST
A. Criteria:
The Alpha Probe shall have no light leaks.

1. AN/UIM-6 Radiac Ca’.ibrator.
2. Opagque black cloth.

C. Test Procedure.

1. Record the date, the serial numbers of the radiacmeter, thealgha
probe, the AN/UIM-6 calibrator, the calibrated activity of the 10

CPM source fram the AN/UIM-6, and the calibrator’s calibration date in
the indicated spaces on the data sheet.

2. Turn on the AN/PIR~77, and place it in the count zgte mode. Place
the prabe face up on a stable surface. Remove the 10° CPM source
from the AN/UIM-6 bracket, and place it (face down) qn one of the
probe face’s cormer segments. Record the count rate on the data
sheet.

3. Place the black cloth over the entire probe, making sure that no
light can get in around the edges. Record the count rate on the data
sheet.

4. Repeatsteps2and3afterplacingthelo3cndsom'ceona
diagonal corner segment. Record the count rate on the data sheet.

5. A substantial increase in the count rate indicates a light leak in

the probe. If the covered and uncovered count rates differ by more
than +10%, the probe has failed the test.
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DATA SHEET
Type Test: Light Leak Test. oare:_II DEC G
Alpha Calibrator, AN/umM-6 s/N: Q1903
Calibration date: 9\ Feﬁf Q}0
Radiacmeter S/N:SMO‘%L\\Q% Probe S/N: Q-%

Alpha Calibrated Attemuator Calibrated
{souce S/NIActivity(CPM)| Number [ Attenuated Activity (CPM) |

A0Wmex | \wWaq

Mode: Rateneteri Scalar____ Preset Time Interval (Min):

Test Data

1. Uncovered count rate reading:__ Vo ¥  com  ScemenT 4|
2. Covered count rate reading:___ 143 ¥ com  SecemenT %/

3. Percventage difference between uncovered and covered count rate
readings: ')}.] % -

4. Uncovered count rate reading (diagonal segment): 143 K oy

5. Covered count rate reading (diagonal segment): C.¥4 K cpu

6. Percentage difference between uncovered and covered count rate

readings: ')\QE! %
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DATA SHEET

Type Test:_Light Leak Test, pare: 11 DEC Al
Alpha Calibrator, AN/UIM-6 s/N:_YA1Q03

Calibration date: 0\ FQB OQ

Radiacmeter s/N: oM A8H Q3 Probe S/N: L

Alpha Calibrated Attemuator Calibrated
{Source S/NIActivity(CPM)|  Nuvber | Attenuated Activity (CPM) |

A0 | W99

Mode: Rataneterf_ Scalar___ Preset Time Interval (Min):__
Test Data :

1. Uncovered count rate reading:___ \\ 2 ¥ cpy

2. Covered count rate reading: W3 K cPM

3. Percentage difference between uncovered and covered count rate
readings: Q % 4 :

4. Uncovered count rate reading (diagonal segnent):  \VAK

5. Covered count rate reading (diagonal segment): WM K o

6. Percentage difference between uncovered and covered count rate
readings: ) %

67




X, HIGH TEMPERATURE TEST (60°C).
A. Criteria:

The instrument shall be capable of operating with the required
accuracy (+10% from 200 CPM to 999 KCPM) in climatic categories 1
through 6 in AR 70-38.

B. Required Equipment:

1. AN/UIM-6 Radiac Calibrator.
2. AN/PIR-77 Calibration Fixture.
3. Calibrated Envirommental Chamber.

C. Test Procedure.

1. Record the date, the serial numbers of the radiacmeter, the al
probe, the AN/UIM-6 calibrator, the calibrated activity of the 10
CPM source from the AN/UIM-6, ard the calibrator’s calibration date in
the indicated spaces on the data sheet. Record the model, serial
rumber, and calibration date of the envirommental chamber in the

2. Place the alpha prabe inside t.h? environmental chamber along with
the calibration fixture and the 10 CPM source from the AN/UIM-6.

The radiacmeter is left outside, with the coil cord run through one of
the access ports in the chamber wall.

3. Connect the probe to the radiaameter using the access port in the
wall of the chamber. Turn the AN/POR-77 on, ard place it in the count
rate mode. Record the count rate at ambient temperature in the
indicated space on the data sheet.

4. Set the chamber controls for 60°C and turn the chamber on. Record
the time in the indicated space on the data sheet.

5. After at least twc hours at 60°C, and at intervals thereafter,
record the time, temperature, and count rate in the indicated spaces
on the data sheet.

6. If the difference between the first and last count rate readings is
greater than +10%, the probe has failed the test.
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DATA SHEET
Type Test:_ifich Terperature (60°C). oare: o N A
Alpha Calibrator, AN/umM-6 s/N:_A1 003
Calibration date: 9 Y€ AQ
Radiacmeter S/NSMAKKI0 Prove sn:_ N~
Chamber Model: '\’Q\)“Cl

Alpha Calibrated Attermator Calibrated

Qwa | W1 a9

Mode: Ratemeter X Scalar Preset Time Interval (Min):
4 .

ESER Wk (Arboient)

26487 WK 60

30911 Wk Lo’

4040 WK - bo°

510\ .ok (KO°

s\ 13 ¥ Lo

7

1. Percentage difference between initial and final count rate
readjrgs; ‘3!4 %
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DATA SHEET

Type Test:_Hich Temperature (60°C). patE: Qb \)0\’ q\

Alpha Calibrator, AN/uDM-6 S/N: YALO0

Calibration date: 9\ FC"‘S 40

Radiacmeter s/N:SMAH 1) prove s/N:_ N >

Chamber Model: YEN W@Y )

Alpha Calibrated Attemuator Calibrated

{Source S/NiActivityv(CPM)| Number | Attermated Activity (CPM) |

WY | WAk4

Mode: Ratemeter X Scalar Preset Time Interval (Min):

Test Data
{Time Count Rate Temperature (°C)
100 W1 ¥k (Anbiant)
21330 | 10K bo®

31400 10, 3 K 6 0o°

s 30 10,9 K £0°

s 1| 0.k 60’

6

,

1. Percentage difference between initial and final count rate

readings: -?ﬂ %

70




XI. DETECTOR AREA RESPONSE TEST
A. Criteria:

The sensitivity of the probe shall be uniform across the face of
the detector.

1. AN/UIM-6 Radiac Calibrator.
2. Opaque Black Cloth.

1. Record the date, the serial mubers of the radiacmeter, the al
probe, the AN/UIM-6 calibrator, the calibrated activity of the 10
CPM source from the AN/UIM-6, and the calibrator’s calibration date in

2. Placeﬂ'zealphaprobefaceupmastablgs‘mfacewithmehandle
pointed towards the operator. Place the 10° CPM source fram the
AN/UIM-6 (face down) on segment 1 of the praobe face. (See figure 5a)

3. Turn the AN/PIR-77 on, and place it in the count rate mode. Wait
at least two minutes, and record the count rate in the indicated space
on the data sheet. If a light leak is present, use the black cloth.

4. Repeat steps 2 and 3 for the remaining eight segments of the probe
face, and record the count rate for each one in the indicated space on
the data sheet.

5. Divide S.he count rate for each segment by that of the count rate
for the 10" CPM calibration source, and record each ratio in the
indicated space on the data sheet.

6. Average the nine ratios calculated in step 5. This average
constitutes the average accuracy of each of the nine segments of the
probe face, and the accuracy of the probe when used in a large area
contamination field.
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1. Collimate the 10° CPM calibration source using a hole
approximately % inch in diameter.

2. Place the Alpha Prabe face up on a flat, level surface.

3. Turn on the AN/PDR-77, ard place it in the count rate mode.

4. Place the collimated source at the locations shown in figure 12.
Cover the probe with the black cloth. Record the count rate for each
location on the data sheet.

5. Normalize the detected count rates at the various locations to the
count rate measured at the center of segment #5. Record these ratios
on the data sheet.

6. Graphically indicate the calculated ratio at the measured locations
on the probe face area on figures 13 and 13a.
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mare:_§ DEC Al

Alpha Calibrator, AN/UDM-6 S/N: AIOOS
Calibration date:_9\ Fég_ 20
Radiacmeter 5/N: SMARUVOY  prove sm:_ A~

Alpha Calibrated Attenuator Calibrated
{Souxce S/NIActivity(CRM)!  Number | Attenuated Actjvity (CRM) |
2 P-\48> | W144
-0 | W\ 2% | Colliwmeiep

Mode: Ratemeter x_ Scalar Preset Time Interval (Min):

2. count Rate ratios by segment:

——Segment | Count Rate Ratio | Segment | Count Rate Ratio |
| 1 A4 9 P LN

3 R 4 ), 1 HY

2 1. 297 6 1,10

Z ' }. 009 8 1,07

9 99

3. Add all count rate ratios and divide by nine: /;OL1
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DATA SHEET
Type Test:_Area Response Probe S/N: n-| DATE: éb& Gl

1

2 331 K 1133
3 3.0 K G1b
4 931 « 54|
5 338 k 149
6 36.0 Ik 33¢%
; 26.5 & 60¢
8 32,0 .73/
o H4,% « [,0/
10 3.6 K 30
11 AL ,$71
12 438 K [/, 00
13 43.» K 996
14 30.> K 99
15 6.5 K , (,08
16 37.2 K 849
17 34,0 K 1706
18 14,5 K ,é§‘?
19 289 k 591
20 30,0 K AT
21 3¢9 X .$9]
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. DATA SHEET
Type Test:_Detector Area Response. DATE: M‘
Alpha Calibrator, aNumM-6 s/N:_(ANQQ D
Calibration date: A FGQ QQ

Radiacmeter S/NS“S‘ZA \Q =~ Probe S/N: Q“%

Alpha Calibrated Atteruator Calibrated
pO-Ng» | WAQ
?-331% | W3Eyy | CoVimaTed
Mode: Ratemeter X Scalar Preset Time Interval (Min):__

1. Count Rates by segment: (Bh&w% ng)

| Segment | ocount Rate (CPM) | Segment | Oount Rate (CPM) |
1 e K 2 W K
, .31 k s Wy kK
5 13.] K 6 W K
7 LAT K 8 10.b K
9 L8O k

- 2. Count Rate ratios by segment:

| Segment | Count Rate Ratio | Segment Count Rate Ratio |
2 L7 ) 943
3 Ok . 1A%
5 LI1O 6 a9
) 591 g 39 ¢
9 <4

3. Add all count rate ratios and divide by nine: Q, ?;5(4
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DATA SHEET
Type Test:_Area Response. Probe S/N:_ YA~ &
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SN AP094001 (A-1)

13.50K

(&)
900

/

@

<>

Me.asuredOmntRate for each segment area using
calibrated AN/UIM-6 source P-1482 (11799 CPM)

Figure 11
Detector Seqment Area C..unt Rate (Probe A-1)




SN AP094003 (A-2)

‘ N\
000

6.97K 10.60K 6.50K

/

<

Figure 1lla
Detector Segment Area Count Rate (Prube A-2)
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Prototype Probe Face Segments
with Count Rate measurement locations

o3 CHN ©No)

Locations of measurements made with collimated
AN/UDM-6 Alpha Source P-2372 (1,113,522 CPM)
to determine uniformity of detection

Figure 12
Detector Uniformity Measurement lLocations
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SN AP094001 (A~-1)

////T614 .733

.749 .838

.616 i;:?\\

605

.731 1.0
1.00

.877 .986

.836

.690

.605 .849

559
\\‘\\L 591 685

.776

.591,//)

<N

Uniformity of Detection

Measured Count Rate at specific locations, normalized to
measured Count Rate at the center of the detector face area

Figure 13

Normalized Detector Uniformity Measurement (Probe A~1)
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SN AP094003 (A-2)
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Uniformity of Detection
Measured Count Rate at specific locations, normalized to
measured Count Rate at the center of the detector face area

Figure 13a
Normalized Detector Uniformity Measurement (Probe A-2)
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XiI. LOW VOLTAGE FFFECT TEST
A. i ja:

There is no explicit requirement for this test; however it is
important to know the voltage level at which the reading becames
erratic.

1. AN/UIM-6 Radiac Calibrator.
3. Calibrated DC Power Supply.

€. Test Procedure.

1. Record the date, the serial mumbers of the radiacmeter, the Eha
probe, the AN/UIM-6 calibrator, the calibrated activity of the 10

CIM source from the AN/UIM~6, and the calibrator’s calibration date in
the indicated spaces on the data sheet. Record the model, serial
nunber, and calibration date of the power supply in the indicated
spaces on the data sheet.

2. Remove the batteries fram the AN/PDR-77, and connect the power
supply directly to the terminals inside the battery enclosure.

3. Set the power supply for 9 VDC,. ard turn it on. 'IhmtheAN/PER—??
on, and place it in the count rate mode. .

4. Place the probe face up on a stable surface. Place the 10% cm
source from the AN/UIM-2 face down on segment five of the probe face.
Wait at least two minutes and record the count rate in the indicated
space on the data sheet.

5. Lower the voltage 0.5 volts.. Wait at least two minutes and record
the count rate in the indicated space on the data sheet.

6. Repeat step 5 until the arrow on the display begins to flash.
Record the count rate in the indicated space on the data sheet.

7. Continue with step 5 until the display becomes erratic.
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DATA SHEET
Type Test:_Low Voltage Effect. pate:_d DEC A
Alpha calibrator, AN/UDM-6 S/N: YA1003 |
calibration date:_9\ T€b Q0
Radiacmeter s/N:SMAE U103 Probe s/N:_ N
Power Supply Model: Power Supply S/N: .

Power Supply Calibration date:

Alpha Calibrated Attemuator Calibrated

Q.M | Wraa

Mode: Ratareter_x_ Scalar_ Preset Time Interval (Min):
Test Data
1 _Voltage, Count Rate (CPM) Voltage Count Rate (CPM) |
9.0 2.9 K 6.0 N3 K
8.5 3.9 K 5.5 | “3 K
Q
8.0 ‘3 'q K 5.0 \Q k
s DA K |, 4.0 "’(*éezqﬂo
.
7.0 3 b K 4.0
u
6.5 3. K 3.5
1. Voltage and count rate at which initial low voltage indication
(flashing arrow) on display:
2. Voltage ard oyunt rate at which display becames erratic:
4,< 40 K
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DATA SHEET

Type Test:_Low Voltage Effect. mare:_3 DEC 9
Alpha Calibrator, AN/umM-6 sN: A1 Q0 3

Calibration date: AFER A0

Radiacmeter s/N:SM OSU\O¥>  prove syn:. A™

Power Supply Model: Power Supply S/N:

Power Supply Calibration date:

Alpha Calibrated Attermuator Calibrated
1Source S/N|Activity(CPM) Number ted jvi CPM

pC-1Me%| W19

Mode: Ratemeter X Scalar Preset Time Interval (Min):
Test Data
1 Voltage Count Rate (CPM) Voltage Count Rate (CPM) |

9.0 2 6.0 \\,§

, O

8.5 : 13.4 5.5 I\

60 A% 5 o ERRATC

7.5 13.% 4.5

7.0 13- 4.0

. -
6.5 3.5

1. Voltage and ccunt rate at which initial low voltage indication
(flashing arrow) appears on display:

0.5V /129K
/
2. Voltage and count rate at which display becomes erratic:

X, 0 V,./loK

/
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XIII. SYSTEM CURRENT DRAIN TEST
: iteria:

There is no explicit requirement for this test; however it is
important to know the current drain for various operational modes of
the AN/PIR-77.

B. Required Equipment:

1. AN/UIM-6 Radiac Calibrator.

2. AN/PIR-77 Calibration Fixture.
3. Calibrated Ampere Meter.

4. Three fresh BA-3090 Batteries

€. Test Procedure.

1. Record the date, the serial rumbers of the radiacmeter, the alpha
probe, the AN/UIM-6 calibrator, the calibrated activity of all four
sources fram the AN/UIM-6, ard the calibrator’s calibration date in
the indicated spaces on the data sheet. Record the model, serial
mumber, and calibration date of the ampere meter in the indicated
spaces on the data sheet. )

2. Replace the batteries within the AN/PDR~77 with the fresh
batteries. Turn the AN/PDR-77 on, ard place it in the count rate
mode. . Place the probe in the calibration fixture without an alpha
source. After at-least two minutes, record the current and the count
rate on the data sheet.

3. Turn on the light and record the current on the data sheet. Turn
the light off.

4. Place the 103 CPM source in the fixture, and replace the probe.
Record the current on the data sheet.

5. Turn the "Audio" switch to the "chirp" position. Record the
current on the data sheet.

6. Turn the "Audio" switch to the "alarm" position. Record the
current on the data sheet.

7. Remove the p from the test fixture, and replace the 103
source with the 10”2 source. Repeat steps 4, 5, ard 6.

8. Remove the p fram the test fixture, and replace the 10°
source with the 10° source. Repeat steps 4, 5, and 6.

9. Turn on the light, and set the "Audio" switch to the "chirp"
position. Record the current on the data sheet.
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DATA SHEET
Type Test:_System Qurrent Drain. mare: 22 Dec Al
Alpha Calibrator, AN/UIM-6 S/N:_A10QD
Calibration date: ‘\F% AQ
Radiacmeter s/N:SMALH10D Probe S/N:L"\_

Ampere Meter Model: Ampere Meter S/N:
Alpha Calibrated Attermator Calibrated
{source S/N|Activity(CPM)|  Number | Attenuated Activity (CPM) |

AP15%4 | 131k -
g M4 | W199
c010) [\ 56O

D?')’J’\} W38
Mode: Ratemeter X  Scalar Preset Time Interval (Min):

Test Data
1. No Source, Light off.

Qurrent: QNG Wi Count Rate: A CPM

2. No Source, Light on.
Qurrent: \%-)S Wwa
3. 10° CPM source. |
cmrert: 10110 WA .
4. 10° CPM source, "chirp" on.
current:_ \\=\3 W9

5. 10° CPM source, "alarm" on.

current:_ V1 -2 WW |
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10. 10% CPM source, "chirp" on.
Current: \q -3 \“A

11. 10% CPM source, "alarm" on.
current: V1= ¥1 ™A
12. 10% ceM source, light on, "chirp" on.

CQurrent: &S- 31 M
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DATA SHEET

Type Test:_System Qurent Drain. pate: 23 DEC q|
Alpha Calibrator, AN/umM-6 syN:_R1OQ 3
Calibration date: O\Fég OQ
Radiacmeter S/N:SMARUIOA  prove s RN—>
Ampere Meter Model: Ampere Meter S/N:

Alpha | calibrated | Attemator Calibrated
Jsource S/Nlactivity(cR)| Number | Attenuated Activity (cpw) |

pP-MRY [ wAaq

c0-1207 | 121569

.23 | 138930

Mode: Ratemeter X Scalar

Test Data
1. No Source, Light off.
Qurrent: . é WA

2. No Source, Light on.
current:_21.L wwn

3. 103 CPM source.
/
current:__\\-5 ™MW

4. 10° CPM source, “"chirp" on.
current:_ 18,9 - \2.' W4

5. 103 CPM source, "alarm" on.

current: \bo =97 W

Preset Time Interval (Min):

———————e

Count Rate: ~) CPM




6. 10° CPM source.

Qurrent: \Q.o\g —\\.')-g wmA

7. 10° cPM source, “"chirp" on.
Qurent:_1- %1 WA

8. 195 CPM source, "alarm" on.
arrent: o= ¥ WA

9. 10% cPM source.
Qurrent: W MA

10. 10% CPM source, "chirp" on.
current:_\1- 2% WA

11. 10% o source, "“alarm" on.
Current: \‘o"}b ™A

12. 105 cm source, light on, "chirp" on.
Current:__ 39~ 4O Wi

36

e 33 DEC A




The instrument shall be capable of operating with the required
accuracy in climatic categories 1 through 6 in AR 70-38.

B. Required Equipment:

1. AN/UIM-6 Radiac Calibrator.
2. AN/PIR-77 Calibration Fixture.
3. Calibrated Envirommental Chamber.

€. Test Procedure.

1. Record the date, the serial mumbers of the radiacmeter, the al
probe, the AN/UIM-6 calibrator, the calibrated activity of the 10
CMM source from the AN/UIM-6, and the calibrator’s calibration date in
the indicated spaces on the data sheet. Record the model, serial
number, and calibration date of the envirormental chamber in the

2. Place the alpha probe inside thi envirormental chamber along with
the calibration fixture and the 10® CPM source from the AN/UIM-6.

3. Connect the probe to the radiacmeter using one of the penetrations
through the wall of the chamber. Turn the AN/PDR-77 on, and place it
in the count rate mode. Record the count rate at ambient temperature
in the indicated space on the data sheet.

4. Set the chamber controls for -32°C and turn the chamber on. Record
the time in the indicated space on the data sheet.

5. After at least two hours, record the time, temperature, and count
rate in the indicated spaces on the data sheet.

6. At various times for ancther two hours, record the time,
temperature, and count rate in the indicated spaces on the data sheet.

7. If the difference between the first and last count rate readings is
greater than +10%, the probe has failed the test.
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DATA SHEET
Type Test:_Low Temperature (-32°C).,
Alpha Calibrator, aN/UmM-6 s,N:_ Y3)1QQ 3
Calibration date: A F€B 4D
Radiacmeter s/N: SMAANNQY
Chamber Model:_VeNW €y .

Prabe S/N: A-%

Chamber S/N:
Chamber Calibration date:
Alpha Calibrated Atteruator Calibrated
pY-WF | W1]9

Mode: Ratemeter X Scalar Preset Time Interval (Min):

Test Data

1l Time Count Rate Temperature (°C) |
~a g, WA 12°
0355 W4 -4
130 1.9 K .33
W3G 1.7 K v 3%
W36 1 K -3
138 Y« -3r
V3 50 \)ﬁ 3 37
RIS w4 K -3

1

. Percentage difference between initial

readings: "gg %

final count rate
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DATA SHEET

Type Test:_Low Terperature (=32°C). oare: |7 DEC 9
Alpha Calibrator, AN/UDM-6 S/N:_ N1 0Q3
cﬂﬂmmkndnm‘\Ffﬁc“B
Radiacmeter s/N: SMAGHI0D e A
dm&aﬂbhhTE“N@%:RE Chanber S/N:
Chamber Calibration date:

Alpha |_Calibrated Attemuator Calibrated
{Source S/NIActivity(CPM)! MNumber | Attermated Activity (CPM) |
g¥-\M3d | \\\Aq

Mode: Ratemeter X Scalar _

Test Data .
1l Time | ocount Rate Temperature (°C) |
QA0 ~ b S
Q0 1.4 -32
\voUb \’}-(’d - 37
W\ 39 . e -3
V3T V3. -3
1580 [, 4 -2

1. Percentage difference between initial and final count rate
naﬁnﬁzi*hb 3
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AN/PDR-77()

ALPHA PROBE

LARGE AREA-100 CM?

Characteristics
Probe SN: AP094001_(A-1)
Active Area: 92 cm?
Window Thickness (AL): 6000 A°
Count Accuracy (2Pi): +7.6% segment area #2-2.8 cm dia. Pu?3? source
+6.8% Total r Face Area (calculated)
Gamma Response: 0 CPM at 1R/hr (Cs™")
Uniformity in Accuracy: Center Area Segment #5 +30%
Corner Area Segments #1,3,7,9 -5%,-4%,+1%,-1%
Scintillator: ZnS (Ag)
Operating Temperature: -25°F to 140°F
Detection Threshold (MeV): 1.8 to 2.4 MeV
Range of COM for measured accuracy: 26 CPM to 850 KCPM
Average Detector Area Count Accuracy: 106.8%

Figure 14
Prototype Alpha Prabe Characteristics (Probe A-1)
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AN/PDR-77()

ALPHA PROBE

LARGE AREA-100 CM?

Characteristics
Probe SN: AP094003_(A-2)
Active Area: 92 cm®
Window Thickness (AL): 6000 A°
Count Accuracy (2Pi): -1.7% segment area #2-2.8 cm dia. Pu?3? source
-16.4% Total gstector Face Area (calculated)
Gamma Response: 0 CPM at 1R/hr (Cs:l )
Uniformity in Accuracy: Center Area Segment #5 +17%
Corner Area Segments #1,3,7,9 -33%,-30%,-41%,-45%
Scintillator: ZnS (Ag)
Operating Temperature: -25°F to 140°F
Detection Threshold (MeV): 1.8 to 2.4 MeV
Range of M for measured accuracy: 21 CPM to 1358 xCPM
Average Detector Area Count Accuracy: 83.6%

Figure 14a
Prototype Alpha Probe Characteristics (Probe A-2)
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Apperdix A
US Army Alpha Monitoring and Survey Meter Requirements
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Revised Abbreviated Performance Characteristics (APC) for
an Alpha Monitoring and Survey Meter

1. General. These APCs are for a lightweight, portable, battery-operated
radiacmeter for the detection of alpha radiations.

2. Performance Characteristics.
a. Environmental Considerations.

(1) (Essential) The instrument shall be capable of operating with
the required accuracy (see paragraph 25(2) below) in climatic categories 1 .
through 6 as defined in AR 70-38. It shall be capable of safe storage and
transportation without permanent impairment of its capabilities from the
effects of high and low temperature storage and transit conditions as defined
in categories 1 through 6 of AR 70-38. (Desirable) The instrument shall be
capable of operation with the required accuracy in cold and extreme cold
climatic conditions and capable of safe storage without permanent impairment
of its capabilities from the effects of extreme low temperature conditions as
defined in categories 7 and 8 of AR 70-38.

(2) (Essential) The instrument shall be capable of withstanding,
without damage for one year, corrosion caused by exposure to an ocean beach
environment.

(3) (Essential). The instrument shall operate satisfactorily after
submersion for at least 30 minutes in 3 feet of fresh or salt water. External
and internal parts shall not support fungal growth.

b. Operational Characteristics.

(1) (Essential) The instrument shall detect alpha radiations, and
shall indicate on a meter the rate in either counts per minute (CPM) or
disintegrations per minute per 100 square centimeter (DPM/100cm?) at which
alpha particles are impinging upon the detector. The read-ocut units should be
user-selectable. Desirable meter ranges are: 0-10% CPM and 0-105 DPM/100caz?.

(2) (Essential) Response of the equipment shall be linear.
Instrument readings at any point within the upper 80 percent of the 0 to 1000
CPM range and the upper 90 percent of all other ranges shall be within 10 .
percent (plus or minus) of the readings caused by a known concentration of
plutonium (PU-239 or PU-238).

(3) (Essential) The alpha energy threshold for detection shall be 3
Mev or less at the surface of the window. The equipment shall be sensitive to
alpha particles of all energies above this threshold.

"(4) (Essential) The equipment shall not be significantly affected by
non-ionizing radiation. Also, the equipment's ability to detect alpha radia-
tion shall not be significantly affected by other forms of ionizing radiation.
The gamma response of the instrument shall not exceed 25 counts/minute per
‘millirad/hr of gamma radiation at the location of the instrument for a gamma
field of up to 1 rad/hr resulting from fissioned nuclear weapons material
(gamma energies approximated by Cesium 137); therefore, in a 1 rad/hr gamma

96




field the instrument response due to gamma radiation must not exceed 25,000
counts/minute.

(5) (Essential) The equipment shall operate as specified for at
least 50 hours per set of batteries, including 4 hours intermittent operation
of meter with internally illuminated dial. Changing of the batteries shall
not require recalibration of the equipment. It should be possible to easily
change batteries using only a screwdriver.

(6) (Essential) The equipment shall be calibrated against plutonium
239 or plutonium 238 (see paragraph 3h). The meter indication shall be
proportional to the concentration of active material of the source.

(7) (Essential) The meter shall be direct reading. Calibration
curves are unacceptable.

(8) (Bssential) The equipment shall be capable of operating with the
required accuracy within 2 minutes after being turned on following a period of
inactivity of at least 60 minutes.

(9) (Essential) The equipment shall be zero stable, and shall not
drift beyond the specified accuracy over the battery operating life (see
paragraph 2b(5) above). Replacement of batteries shall restore the reading to
within the limits allowed under reproducibility (paragraph 2b(2), above)
without recalibration.

(10) (Essential) The equipment shall maintain its required accuracy
during normal use for at least 6 months without recalibration. -

(11) (Essential) Reliability, Availability and Maintainability (RAM).
The RAM requirements are stated in teras of Mean Time Between Operational
Mission Failure (MTBOMF), Mean Time to Repair (MTTR), Maintenance Ratio (MR)
and Operational Availability (AO).
Operational Requirements at IOC:
I. Nuclear Accident/Incident Control (NAIC) Mission

Case A. Radiacmeter and Alpha Probe

Reliability

MTBOMF 142  hours
Maintainability

MTTR (DS) 1.0 hour

MITR (GS) 1.0 hour

MR (DS) 0.0025 mmh/op. hr.

MR (GS) 0.006125 mmh/op. hr.
Availability

Ao 0-99




Case B.
Reliability
MTBOMF

Maintainability
MTTR (DS)
MTTR (GS)

MR (DS)
MR (GS)

Avallability
Ao

Case C.

Reliability

" MTBOMP

Maintainability
MTTR (DS)
MTTR (GS)

MR (DS)
MR (GS)

Availability

Ao

Radiacmeter and X-ray Probe

480 hours

1.0
1.0 hour

0.0 amh/op. hr.
0.0

0.99

Radiacmeter and Beta/gamma Probe

725 hours

1.0. hour

1.0 hour

0.0 mmh/cp. hr.
0.001831 mmh/o0p. hr.

0.99

II. Nuclear Storage Monitoring Mission

Reliability
MTBQMF
Maintainability
MTTR (DS)
MTTR (GS)
MR (DS)
MR (GS)
Availability

Ao

142 hours

1.0 hour

1.0 hour

0.0025 mah/op. hr.
0.006125 mmh/0p. hr.

0.99
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III. M43A1 Monitoring Mission

Reliability

MTBOMF 142  hours
Maintainability

MTTR (DS) 1.0 hour

MTTR (GS) 1.0 hour

MR (DS) 0.0025 mmh/op. hr.

MR (GS) 0.006125 mmh/op. hr.
Availability

Ao 0.99

(12) (Essential) At least 85 percent of the instruments in storage
shall function properly after a period of storage of at least 3 years (see
paragraph 2a(1) above).

(13) (Essential) A check switch will be provided to insure adequate
battery voltage for operation. '

(14) (Essential) The proposed device will be compatible with a
beta/gamma probe. The radiacmeter portion of the instrument will have the
capability to automatically recognize the type of probe to which it is con-
nected, and to adjust the display accordingly, without operator action. The
alpha and beta/gamma probes need not be simultaneously operated. Switching
between the two probdbes will not create a need to recalibrate the instrument.

(15) (Essential) The proposed device will be entirely auto-ranging,
and its display shall be digital. No manual scale changing or use of analog
displays will be allowed. The display shall indicate counts per minutes (cpm)
when the alpha probe is in use, and millirads per hour (mR/hr) when the
beta/gamma probe is in use.

(16) (Essential) The display shall feature an automatic warning of
low battery level, which shall operate entirely without operator action.

(17) (Essential) The instrument will be furnished with a Th-232 check
source to allow the operator to verify that the instrument is functionigg.
The activity level of the check source will be low enough so that it does not
require a license.

(18) (Essential) The radiacmeter portion of the instrument will be
furnished with Built in Test (BIT) software to monitor all internal functions.
A sequence of test functions will be initiated by a single operator action
(e.g., pressing a single button) and then proceed automatically. Any malfunc-
tions detected shall be indicated on the display and also by the audio alarm.

(19) (Bssential) The instrument will be equipped with a count rate
alara. The operator will de able to change the alarm level, and also to
display the current alarm level on the radiacmeter display, without opening
the case and without the use of tools.
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(20) (Essential) The instrument will have both visual and audio
alarms. The radiacmeter will have the capability of silencing the audioc alarm
without disadbling the visual alarm.

(21) (Essential) The instrument will be powered by batteries now in
the standard army inventory. It is desirable that these be either BA 3050 (9
volt) or BA 3030 ("D" cells). :

(22) (Bssential) The instrument will operate without disruption in the
presence of electromagnetic radiation produced by standard military equipment
commonly operated in the vicinity of alpna monitoring equipment. The instru-
ment will also emit no electromagnetic radiation that will cause disruption to
any military equipment commonly operated in the vicinity of alpha monitoring
equipment.

3. Physical Characteristiecs.

a. (Essential) The complete equipment shall consist of a radiacmeter,
alpha probe, carrying harness, carrying case, radiocactive test sample to check
all ranges, and headphones. Weights and dimensions for the radiacmeter and
probe shall not exceed the following:

Dimensions (inches) Weight (pounds)
Length Width Height
Radiacmeter 9 5 ' 8 8
Alpha Probe 9 4 ] 3
(excluding
handle)

b. (Desiradble) The instrument design shall permit the operator to survey
smooth surface areas from a standing position.

c. (Essential) The bottom of the probe shall be protected by a grid type
plate which will protect the sensitive area of the probe during use.

d. (Essential) The sensitive area is defined as that area of the probe
which is sensitive to alpha radiations. The total sensitive area shall be at
least 25 ca?, and not greater than 100 cm?.

e. (Desirable) The equipment shall have as an accessory probe to detect
the presence of plutonium under adverse conditions (e.g., rain, snow, and
after firefighting operations). The probe shall not weigh more than 2 pounds
and the gaama energy response shall cover the energy range from 10 to 60 Kev.

f. (Bssential) Design of the equipaent shall be such as to minimize
contamination by chemical or bdiological agents or radicsctive materials.
Components of the equipment shall be readily capable of decontamination with
sinimum effect on their proper operation. Nuclear-hardening is not required.
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g. (Essential) A self-contained power source for the alphameter and all
integral devices shall be provided.

h. (Essential) The instrument shall be capable of being calibrated by
standard army calibrators (i.e., AN/UDM=6).

i. (Essential) The.equipment shall be constructed to withstand transport
in vehicles over rough terrain and in aircraft as prescribed in AR 70-38.

4. Other Characteristics.

a. (Essential) Operating personnel shall be adequately protected against
high voltages and from any radiocactive materials used for a calibration check
or for any other purpose.

b. (Essential) The equipment shall be designed to conforam with human
factor engineering principles, including consideration of ease in handling and
carrying and operations in confined spaces.

¢. (Essential) The design of the equipment shall permit operation when
protective equipment is worn, e.g., protective mask or respirator and heavy
gloves. :

d. (Essential) The equipment shall be capable of operation by selected
military personnel after a mininum period of instruction to include before,
during, and after operational checks, use, and maintenance. Instrument design
will be such that changing of batteries can be accomplished by personnel
wearing protective gear (see paragraph lc).

5. Pre-Programmed Product Isprovemeat (P3I). (Desired) The instrument will

have a Sodium Iodide accessory probe for neutron detection and an external
speaker.
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Apperdix B

Patent Docket: Scintillator Assembly and
Assembly of Alpha Particle Detector
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ABRSTRACT OF THE DISCLOSURE

A scintillator assambly for use in the datection of alpha
radiation includes a body Of opticallyetransparent epoxy and an
amount of phosphor particles embedded within the body adjacent one
surface thereof. Whan making the body, the phosphor particles are
Rixed vith the epoxy when in an uncured condition and peramitted to
settle to the bottom surface of & =m0ld within which the
epoxy/phosphor aixture {s contained. When the mixture subsequently
cures to form a hardened body, the one surface of tha body which
cured against the bottom surface of the mold is coated with a thin
layer of opaque material for preventing ambient light from entsring
the body .threnqa the one surface. The layer ©f opaque matarial is
therearter coated vith a layer of protective material to provide
the assembly vith a damage-resistant entrance wvindew.
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SCINTILIATOR AGCEMBLY FOR ALINMA BADIATION DETRCTION
AND_METHOD OF MAKING THE ASAEMALY

Mskaround of the Invention

This invention was made vith Government oupport under
Contract No. DE-ACOS-840R21400 avarded by the U.S. Departaent of
Eneargy to Martin NMarietta Enargy Systems, Inc. and the Governaant
has certain rignts in this {nvention.

This invention relstes generally to the detection of
alpha radiation and relates, moras particularly, to instruments used
in the detection of alpha radiation.

Conventional alpha scintillation survey instrunents
commonly include an optically-transparent light pipe which is
optically coupled to the front of a photomultiplier tubes. Disposed
across the light pipo. opposite the photomultiplier tube is a thin
layer of phosphor, such as silver-activated zinc sulfids. During

‘use of such an instrument, alpha particles interact with the

phosphor layer to create light photons which, in turn, are guided
by the light pipe onto the photomultiplier tube.  1In order to
protect the photomultiplier tube trom ut\.zrauon by ambient visible
light, the instrument {s commonly hmod in a metal casing and
covered with a thin, opagQue radiation entrance window.

The entrance vindov is relatively thin.to permit the
passage of alpha particles and to avoid any significant reduction
of kinetic energy possessed by the particles as they pass through
the vindov. BRntrance vindowa of conventional alpha scintillation
instruments commonly are provided by a layer of aluminized Mylar ®
possessing a thickness of about 6.35 micrometers (i.s., about 0.25
mil). Mylar material posseseing such a thickness is known to
provide s satisfactory opaque shield against ambient light and is
thin enough for most alpha particles to panetrate. HNowever, such
a vindow is relatively fragila and is easily punctured, torn or
ocrlt.eh“ In order teo rander s conventicnal survey instrument

more Adurable for use in field environments, the fragile entrance
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vindov may be replaced with a meshed Mylar ® vindov screen or a
micromachined silicon wafer may be incorporated within the
instrument to obviate the fragile entrance window. However,
neither of the instruments wvhich result from the atorementioned use
of the meshed windov screen or micromachined silicon vafer have
besn found to be both highly efficient and suitably rugged. It
wvould be desirable to provide an instrument for the detection ot
alpha radiation wvhich combines both high efficiency and ruggedness.

Aoccordingly, it is an object of the present invention to
provide a nev and improved scintillator assembly for use in an
alpha radiation detector which promotes high efficiency during
oparation of the instrument and is sufficiently rugged for use in
field envirorments and a msthod of making the nsu&ly.

- BuEBAXY of tha lavention

This invention resides in a scintillator assembly for use
in the detection of alpha radiation and a method of making the
assembly.

The scintillator assembly includes a body having a front
surface against which alpha particles desired to bs detected
i{mpinga and includes an optically-transparent medium and an amount
of phosphor embedded within the optically-transparent nediusm
adjacent the front surface of the body. The ({ront surface is
coated by a relatively thin layer of opaque material for preventing
ambient 1ight from entering the body through the front surface
thereof, and the layer of opaque material is coated by a layer ot
protective material vhich is transparent to alpha particles moving
through the protective material layer to provide the assembly with
a damage-resistent entrance window.

The asthod of making the scintillator includes the steps
of providing a mold having an interior having a relatively smooth
bottam surface, providing an amount of phosphor in pu-_ticlo form,

and providing an amount of optically-transparent medium in an
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uncured condition wvharein the optically~-transparent medium has a
relatively low viscesity when in its uncured condition and is
curable t¢ a hardened condition. The amount of phosphor is mixed
with the uncured amount of optically-transparent medius, and the
resulting phosphor/medius mixture is placed within the mold. A
sajor portion of the phosphor is then permitted to settle within
the optically-transparent medium to the bottom surface of the mold,
and the mixture is then permitted to cure to fora & hardened body.
The hardened body is theareafter removed from the mold and the
surface of the body which ocured against the DOTtTOR surface of the
mold (providing the front surface of the body in the scintillator
assembly) is coated with 2 relatively thin layer of opaque material
to pravent ambient light from entering the body through the beody
surface. The layer of opaque material is subsequently coated with
a layer of protective material to provide the assembly with a
damage-resistant entrance window.
Axiaf Dascription of tha Drawings
' Pig. 1 is a fragmentary transverse cross-sectional view

of an embodiment of a scintillator detactor assembly in accordance
vith the present invention.

Pig. 2 is a viev of the Fig. 1 assembly similar to that
of Fig. 1, shown exploded.

Pig. 3 is an exploded parspective viev of a mold used in
connection vith the making of a component of the Fig. 1 assembly.

Fig. 4 is a cross-sectional view taken along line 4=4 of
rig. 3.

Figs. 5 and 6 are views {llustrating various steps
involved in making the Fig. 1 assembly.
Ratailed Description af an lllustrated EabodiRant

With referance to Pigs. 1, and 2, there is shown an
1hntrunont 18 for use in the detection of alpha radiation and

within which an embodimant of & scintillator assemdbly, indicated
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30, is {incorporated. In addition to the assembly 20, tn§
instrument 18 includes & photomultiplier tude 22 and an amount of
phospher material, descrided herein, positicned in front of the
tube 322. During operation of the instrument 18, particles of alpna
radiation interact with the phosphor material to creatae photons,
and the created photons are guided, or focused, onto the front,
indicated 23 in Pig. 2, of the photomultiplier tudbe 323. The means
and methods by which the created photons are sensed with the
photomultiplier tube ars well known in the art so that a more
detailed description of the detection componentry of the instrumant
18 is not belieaved to be necessary.

The scintillator assembly 20 i{s mounted in the instrument
18 in front of the photomultiplier tube 22 and i{ncludes the
aforamentioned amcunt of phosphor used in r.xio creation of photons
upon interaction with alpha particles. In this connection, the
assambly 20 includes a body 24 having a smooth front surface 26 and
an opposite back surface 28. A light pipe 25 i{s attached to the
back surface 29 and interposed betwveen the body 24 and the
photomultiplier tube 22. The front surface 26 of the body 34 |is
coatad with a layer 30 Of opagque material, whose purpose is set
torth in greater detail herein, and the opaque matarial layer 30
is, in turn, coated with a layer 32 of protactive naterial.

The body 24 of the assambly 20 includes an optically-
transparent nedium 36, such as an optically-transparent spoxy
vithin which an amount of phosphor 38 is embedded. More
specifically, the phosphor 38 ilA.Ib.ddOd within the body 24 so
that a major portion of the phospher amount is positioned adjacent
the front surface 26. The epoxy 36 is comprised of a resin and a
hardener which when aixed and in an uncured condition, possesses s
relatively low viscosity. The amount of phosphor 38 is added to
and amixed wvith thovlov-vuoooity epoxy in a powdared form and
peraitted to gravitationally settle vithin the amixture before the
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epoxy curas to a hardensd condition. wWhen, therefore, the epoxy 3¢
subsequantly cures to a hardened condition to form the body 24, the
sajor portion of phosphor 38 is collected in a layer adjacent the
lowermost surfacs of the hardened aixture. In order, thersfors,
that the phosphor 38 s gravitationally collected adjacent the
front surface 26 of the body 24 during the formation of the body
3¢, the body 24 is molded with its front surface 236 facing
downwvardly.

An example ©f an epoxy suitable £or use as the optically-
transparsnt msediua of the body 24 is available unde? the trade
designation Eccobond 27 from Emerson & Cummings, Inc. of Canton,
Massachusetts. Preferably, the phosphor 38 of the body 24 1is
silver-activated ginc sulfide (ZnS(Ag)] navinq'n particle size of
about twvelve micrometers. Silver-activated zinc sulfide possesses
desirable Qqualities as an alpha-sansitive medium and when utilized
in the body 24, enhances tha collection efficiency of the
photomultiplier tube 22. During formation of a body 24 (describded
in greater detail hersin) wherein a phosphor layer possessing a
thickness of about 0.13 cm®(0.05 inches) is desired, an amount of
phosphor powder (s anixed with the epoxy so that upon settling
vithin the mixturs, about 7.0 milligrams per square centineter of
phosphor powder is deposited along the lover surface of the
nixture.

To form the body 24 and vith reference to rig. 3, a mold
40 is prepared for holding a mixture of uncured epoxy and phosphor.
Such a mold 40 may be prepared by machining a substantially square
opening 42 in a block of polyethylene or tetraflucroethylene, such
a8 is available under the trade designation Teflon frem E.I. Aau
Pont do'uolourl & Company, Inc., of Wilmington, Delaware to form a
frame 44 for the mold 40. Por present purposes, the opening 42 in
the illustrated frame 44 as maasured across its upper surface is
about 4.219 inches by 4.219 inches (i.e., 100 square centimeters),
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and the inside surfaces Of tha frame 44 ars milled at about a
forty-five degree angle betwveen the top and bottos surfaces as best
shown in Prig. 4.

To form a bottom for the mold 40, a suitably-sized plece
46 is cut from & sheet Of polyester film, prerarably of a type
vhich is available under the trade designation Mylar from E. I,
du Pont, de Nemours & Co., Inc. One side, indicated 48 in rig. 3,
of the Mylar plece 46 is then coated vith a thin layer of a mold
release agent, such as that which is available under the trade
designation Ram Mold Release 123 from Ram Chemicals of Garcens,
California. During s coating operation, the Nylar piece 4¢ is
prefarably attached te & spinner (not shown) and rotated so that
the one side 48 of the Mylar piece 46 to which ths mold release
agent is to be applied is spun about its center at about 3,000
revolutions per minute. The mold release agent (in a ligQuid form)
is then applied to the center of the side 48 of the spinning piece
46 so that the spinning action of the piece 46 coats the aside 48
vith the release agent and slings excess release agent from the
side 48.

The one side 48 of the Mylar pieca ¢6 is then ccated vitn
an opague material of the type desired to provids the layer 30 for
the body 3¢. In the depicted emdbodiment, the opaque material used
for coating the piece side 48 is aluminum and is applied tc the
plece side 48 by an evaporation process sc that the thickness of
the asluminum ccsting upon the piece side ¢8 s about 2000
angstroms. The aluminum-coated Mylar plece 46 is then tightly
stretched across s glass plate 30 (measuring 6.0 inches across its
face) so that the aluminum-coated side 48 of the Mylar plece ¢
faces avay from the plate 30. When stretching the Nylar pilece 46
onto the plate 50, care should be is taken to ensure that no dust
particles are trapped between the piece 46 and the plate 30.

.The mold frame ¢4 is then placed upon and attached to the
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aluminum-coated Mylar piece 46 to fOrm ths a8sembled mold 40, bast
shown in Fig. 5. Attachment Of the mOld frame 44 to the aluminus-
coated Mylar piece 46 is effected with a double-sided tape or some
other adhesive positioned batween the periphery of the piece 46 and
the lover side of the frame 44. Preferadbly, the attachaent of the
frame 44 to the Mylar piece 46 forms a ssaled bond therebetwsen to
prevent leakage from the intarior of the mold when the mold 40 is
used. It follows that the sidewalls of the interior of the
assembled mold 40 is provided by the inside surfaces of the frame
44 and the bottom of the mold intarior is provided by the aluminuam
coating of the Mylar piece 46.

ASs mentioned earlier, the medium 3¢ with which the body
34 is formed is optically-transparant in its hardened, oi- cured,
state and in the depicted embodiment is comprised of the
aforamentioned Eccobond 27 epoxy from Emarson & Cummings, Inc. The
phosphor used in the formation of the body 24 is Zn8(Ag) having a
particle sise of about 12 nicrometers is well-suited for use in the:
body 2as. .

with reference to Pig. 3, an amount of uncured spoxy is
nixed wvith a smaller amount of phosphor in a separate container 54
bafors the epoxy/phosphor mixture 356 is poursd intc the mold 40.
At the outset of such a mixing operation, the aforementioned
Bocobond 27 (comprised of a resin and a hardener), 18.5 grams of
reein is mixed vith = grams of hardener in the container 54, and
then about 800 milligrams of the ZnS(Ag) (12 micrometer particle
size) are added to the epoxy mixture. The three parts are then
gently mixed together vhile care is taken to minimize the formation
of air bubbles within the mixturs. Preferably, the epoxy should be
thoroughly mixed and the phosphor un;!only distzributed throughout
the spoxy mixturs.

The epoxy/phosphor mixture 36 is then poured into the
meld 40 as shown i{n Pig. 8. Wwith the aforementioned amounts of
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resin, hardener and phosphor, the mixture 36 forms a relatively
éhin layer within the meld 40 having a thicknsss of about 0.13 cm
(0.08 inches). The mold 40, with the mixture %6, is then placed
within an oven set at 60 degrees Centigrade and permitted to heat
for about thirty minutes. Positioned within the oven for only
about thirty minutes, tha epoxy does not cure and its viscosity
remains lowv enough that the phosphor particles satisfactorily
settle to the bottom of the epoxy/phosphor mixture 56. At the end
of the thirty minutes, the mold 40 is removed from the oven.

The light-pipe 35 illustrated in rig. ¢ is constructed of
methyl methacrylate and in the depicted embodiment, is in the form
of a so0liad .block neasuring about 4.219 inches by about ¢.3219 inches
by about 0.4375 inches. with the mixture 3¢ in at least a
partially cured condition within the mold 40, the lightepipe 25 is
attached to the upper surface of the body with a suitable epoxy,
such as the aforementioned Eccobond 27. In the illustrated
embodiment, 10.) grams of resin and 3.1 grams hardener of Eccobond
37 are mixed together in a suitable container and subsequently
applied as a mixture S8 to the center of one side of the light-pipe
28 as shown in Fig. 7. The light-pipe 25 is then placed epoxy-side
down into the m0ld 40 containing the partially-cured epoxy/phosphor
aixture 56 so that the epoxy mixture applied to the light-pipe 25
spreads across the upper surface of the mixture 56. with the epoxy
aixture 59 sandviched betwveen the mixturs 356 and light-pipe 25, the
nixture 58 forms a bonding layer vhich is oubotantially free of air
pockets.

Tho B0ld contants ars then permitted to cure to a
hardened condition. although the contents of the mold 40 will cure
satisfactorily if left undisturbed ov-migﬁt, the mold 40 may be
placed in an oven to reduce the time norually necessary for curing.

Upon curing of the mold contents tO & hardaned condition,
the Mylar piece 46 is gently peeled froa the hardaned amixture 356,
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or more specifically, from the front surface 26 of the hardened
body 24 so that the aluminua with which the piece side 4«38 val.
ccated remains attached to the front surface 26. The body 24 is
then removed from the n0ld frame 44 and prepared for the
application of additional aluminum on the front surface 1¢. To
this end, s thin layer of mold releass agent is applied to the
front surface in a spin-coating process. 1In particular, the bedy
24 is attached to a spinner (not shown), and its front surface 36
is spun about its center at about 3000 tcvulutiopn per minute. The
30ld release agent is then deposited upen the center of the
spiniing surface 26 so that the spinning action of the body 34
slings the mold releass agent across the froent surface 36.

with a thin layer of mold release agent applied to the
sluminized front surface 26, an additional layer of aluminum is
applied to the front surface 26 by an evaporation process (i.e.,
e=beas evaporation) so that the additional layer of aluminum has a
thickness of about 21000 angstroma. The steps ©of spin-coating a
thin layer of mold releasa agent onto the front surface 26 ana
applying an additional layer (about 2000 angstroms in thickneas) of
aluminum to the front surface 26 are thersatter rspeated until the
total thickness of the aluminua applied to the front surface 26 is

-oompletely light-tight. It has been found that an aluminuam coating

posseseing a thickness of about oqoo angstroms provides the tront
surface 26 wvith satisfactory light-tight characteristics.

The aluminum coating (indicated 30 in rigs. 1 and 2)
applied to the front surface 26 of the body 24 is therearter coated
vith s layer 33 of hardceat material in a spin-coating process. In
this connection, the body 24 is attached to a spinner (not shown)
and rotated so that the aluminum=coated front surface 36 rotates
about its center at about 3000 rpms. An uncured amount of hardcoat
saterial such as cyanoacrylate available under the designation zip
Grip 4404 from Devcon Corporation is then deposited upon the centsr
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of the frent surface 26 #0 that the spinning action of the body 24
coats the aluminum layer 30 with the hardcoat material and slings
off of the body 24 any excess hardcoat material. The layer 32 of
hardcoat is thersafter parmitted to cure to complete the assembly
20, and the assembly 20 is optically-attached to the
photomultiplier tube 22 in a manner welleknown in the art.

The resulting scintillator assembly 20 is advantageocus in
that its entrance wvindov, provided by the hardcoat layer 32, is
resistant to scratches, tears, punctures and other forms of
physical damage and is resistant to many types of chemicals which
may damage conventional scintillator assemblies. Henca, the
assembly 20 is well-suited for use in fileld anviromments.
Moreover, the assembly 20 1o'watorthnt and suitable for use in
high humidity areas and liquid or wastevater streams. In addition,
the components of the assembly 30 are commercially availsble at
relatively lov costs thus rendering the material cost of the
assembly 20 relatively low. Fuyrthermore, the assembly 20 may be
-;nu!icturod in the size, shape or fora required by the application
or to retrofit existing alpha scintillator dsetector units. Still
gurther, the overall efficiency of the assembly 20 has bean found
te be greater than convantional scintillator assemblies and s
advantageous in this respect.

It vill be understood that numercus modifications ana
substitutions can be had to the aiorementioned embodiments without
deperting from the spirit of the invention. For example, although
the application of opagque material, e.g. aluminuam, to the front
surface 26 of the assembly body 24 has been shown and described as
sffected by e-Dean evaporation, the opaque naterial may be sffected
by sputtering, anodization, diffusion or cheaical reaction in
accordance with the broadar aspects of the invention. Accordingly,
the aforsmenticned embodiments ars intended for the purpose of
illustration and not ae limitation.
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Apperdix C
Certificate of Calibration, AN/UIM-6
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US ARMY AREA TMDE SUPPORT CENTER-SACRAMENTO
SACRAMENTO ARMY DEFOT
SACRARENTD, CALIFORNIA 73813-3033

U.S.ARMY PRIMARY NUCLEONICS LABORATORY
REFORT OF CALIERATION

oF

RADIAC CALIBRATOR, AN/UDM-6
S.N. A-1003

FOR

CECOM SAFETY OFFICE
AMSEL -SF-RER :
FORT MONMOUTH, NJ 07703-3200

e alpha particle emission rate from the active surfaces of the sources are:

Serial Numﬁir Counts/Minutes Uncertainty
P=-15%9 1,376 . +/=- 2.8%
F-1432 11,799 +/=- 2.47
F=-1907 121,560 +/=- 2.2

P-2372 1,113,522 . +/= 2.2%

The sounting was performed using a 2 Fi NMC FC-4 gas flow immersion counting
cramber. This calibration is traceable to Natioral Institute of Standards
and Technology. The uncertainties represent the sums of the limits of the
random errors at the 97 percent confidence leve! and the maximum
systematic errors in the measurement,

%lﬁ.cm;_

CHARLES R. WALLACE
CHIEF, AFNL
USACRC-Sacramento

DATE: FEBRUARY 9, 1990
Raport No. WAGVI9227N

This certification is valid for 720 days from the above date. Recertificatio
is advised after 720 days.
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DEPARTMENT OF THE ARMY
DISTRICT TMDE SUPPORT CENTER SACRAMENTO
SACRAMENTO ARMY DEPOT

SACRAMENTO, CA 9%5813-5038
AMXTM-GC-S 24 JAN 92

NUCLEONICS LABRATORY BRANCH
REPORT OF CALIBRATION

For
RADIAC CALIBRATOR, AN/UDM-4&
Serial No. Al11&60
Report No. WAGVI9 226N

CALIBRATED FOR: W4GVI9
SAFETY OFFICE
ATTN: AMSEL-SF-RER

FORT MONMOUTH
FORT MONMOUTH, NJ 07703

Alpha particle emission rate from the active surfaces of the sources are:

Serial Number Counts/Minutes Uncertainty
PILS0 15106 . ¥/ S.66 T
FPR724 13,126 : +/ 2.95 %
P2608 144,320 +/ 2.29 %
FZ159 1,456,589 +/ 2.14 %

The Counting was performed using a 2 pi NMC PC-4 gas flow immersion
proportional count chamber. Uncertainties represent the sums of the
limits of random errors at the 99 percent confidence level and the
maximum estimated systematic errors 1n the measurements.

Calibration traceable to National Institute of Standards and Technology.
This certification is valid for 720 days from the above date

CL b i) s

F o4& EDWARD R. ENZ
CHIEF, NUCLEONICS LABRATORY BRANCH

CHARLES E WALTON
TFCHNICIAN IN CHARGE OF TEST
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